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ABSTRACT 
PATTERNS OF PREDATION BY NATURAL ENEMIES OF THE BANANA 
WEEVIL (COLEOPTERA: CURCULIONIDAE) IN INDONESIA AND UGANDA 
February 2005 
AGNES MATILDA ABERA-KANYAMUHUNGU, B.S., MAKERERE UNIVERSITY 
M.S., MAKERERE UNIVERISTY 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Roy Van Driesche 
The banana weevil, Cosmopolites sordidus (Germar), is the most important 
constraint to banana production in East African highlands. For most resource-poor 
farmers in the region, biological control is the only viable option because it requires little 
or no cash investment. I investigated patterns of predation by natural enemies of the 
banana weevil in its presumed native range in Indonesia to determine if there were natural 
enemies that could be imported to control the pest in Africa. Work was also done in 
Uganda to determine if predatory insects already present in local banana farming systems 
could be better conserved to produce banana weevil control. 
Through farm surveys in Indonesia, I confirmed existing reports that banana 
weevil damage is low in Sumatra and Java. However, I found no evidence of parasitism 
Vll 
from 25,000 eggs and 3600 larvae collected from seven diverse geographical locations. 
The adult and larvae of the histerid, Plaesius javanus Erichson, were found to be 
important predators of C. sordidus. P. javanus larva entered tunnels of plants, 
presumably in search of banana weevil stages. This predator should be imported to 
Uganda for establishment as a classical biological control agent of the banana weevil. 
Experiments in Uganda showed that destruction of crop residues in bananas, as 
recommended for weevil control and practiced by some farmers, reduced predator 
numbers on farms, reduced predator: prey ratios and had no benefit to the plant with 
respect to damage prevention. Instead, I demonstrated that residue presence, through 
maintaining high predator: prey ratios, offsets damage to plants that would otherwise 
occur from increased numbers of banana weevils. 
Ants are the major predatory group now present in banana farming systems in 
Uganda. Surveys in banana farms found 55 species from pitfall traps, 17 from banana 
pseudostem residues and 34 from banana corms. Eleven species of ants came to banana 
weevil egg and larvae exposed in the field as baits and thirteen species were tested in the 
laboratory for their potential to attack the banana weevil. Two species - Pheidole sp. 2 
(Myrmicinae) and Odontomachus troglodytes (Santschi) (Ponerinae) - caused significant 
banana weevil larvae mortality in crop residues and significant egg mortality in living 
plants in microcosm experiments and in the field. 
vm 
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CHAPTER 1 
FIELD SURVEYS FOR NATURAL ENEMIES OF THE BANANA WEEVIL, 
COSMOPOLITES SORDIDUS (GERMAR), IN INDONESIA 
Abstract 
Cosmopolites sordidus (Germar) is an important pest of highland banana and plantain in 
Africa that is native to Southeast Asia, where its density is believed to be low. This 
scenario implies the possible existence of effective, specialized natural enemies that 
might be useful in a classical biological program against the banana weevil in Africa. To 
investigate this possibility, surveys were initiated in Sumatra and Java, Indonesia, in 2000 
and 2001 to determine C. sordidus’ local pest importance and to search for natural 
enemies with emphasis on egg or larval parasitoids. I found banana weevil incidence to 
be low, ranging from 0.6 to 1.7 adults per trap per trapping occasion (72hrs) at locations 
in West Sumatra and 0.2 to 0.4 adults in West Java. Damage indices on both islands 
never exceeded 2.2%, a level that if compared to damage levels on the same banana clone 
in Uganda, would be considered unimportant. I found no conclusive evidence of 
parasitism from 640 eggs and 553 larvae collected and reared in 2000, nor from 25,340 
eggs and 3,118 larvae examined in 2001. Phorids (Megaselia sp.) and drosophilids were 
recovered from a few larval rearing containers, but were most likely scavengers. I 
encountered a complex of predators, the most important of which was the histerid 
Plaesius javanus Erichson. In laboratory tests, adults and larvae of P. javanus attacked 
1 
75 to 88% of banana weevil larvae and 38 to 53% of pupae inserted in plant pieces and 
offered to the predator. In separate tests, P. javanus larvae entered tunnels in corms and 
attacked 70% of banana weevil larvae in them. Predatory ants, including species of 
Myrmicinae, Ponerinae, Formicinae, and Dolichoderinae, were found associated with 
banana plants and residues. Adults and larvae of Myopopone castanea (Ponerinae) were 
observed attacking banana weevil larvae in crop residues. Future surveys for egg and 
larval parasitoids should be conducted in southern India, which is believed to be the 
center of origin of plantain, which unlike Indonesian banana varieties is highly 
susceptible to the banana weevil. 
Introduction 
The banana weevil. Cosmopolites sordidus Germar, is believed to have originated 
along with banana in Southeast Asia (Zimmerman 1968, Waterhouse, 1993) and later 
spread to the world’s major banana growing regions (Waterhouse and Norris 1987, 
Neuenschwander 1988). In Africa, the banana weevil has become a serious constraint to 
production of highland banana {Musa sp., AAA-EA) and plantain (AAB) (Bujulu et al. 
1983, Gold et al. 1993). The banana weevil is considered to be an important cause of 
decline and disappearance of banana {Musa sp., AAA-EA) in previously major banana 
growing areas of Uganda (Sengoba 1986, Gold et al. 1999a). Yield loss to banana weevil 
may be manifest as a decline in yield per hectare (Rukazambuga et al. 1998), a decline of 
acreage under banana or a decline in plantation life i.e, decline in longevity of plantations 
(Gold et al. 1999b). 
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The banana weevil is not considered a pest throughout most of its area of origin 
(Waterhouse 1993). Insects unimportant in their native habitat often reach damaging 
levels when released from the control of their specialized natural enemies (Van Driesche 
and Bellows 1996). Lack of pest importance of the banana weevil in its native range 
suggests that exploration for banana weevil natural enemies in Asia might yield species 
suitable for use in a classical biological control program. 
The banana weevil is a cryptic pest (Jardine 1924, Delattre 1980, Ittyeipe 1986, 
Aranzazu et al. 2000). Except for the adult, all its life stages are inside the plant, making 
control of the pest difficult. The eggs are deposited within 2 mm of the pseudostem or 
corm surface (Abera et al. 1999) and are most susceptible to natural attack. According to 
Koppenhofer (1993a), 58% of the eggs are placed where predators and parasitoids can 
reach them. Egg parasitoids, if available, would have the greatest potential for biological 
control of banana weevil (Neuenschwander 1988). No efforts have been made to find 
parasitoids of the banana weevil in the pest’s area of origin (Southeast Asia and India). 
Earlier searches for natural enemies of banana weevil in Asia have been confined to 
predatory groups, including histerid, hydrophilid, and staphylinid beetles and rhagionid 
flies (Waterhouse and Norris 1987, Waterhouse 1998). Attempts to introduce these 
natural enemies in banana growing areas, including Uganda, met with little success 
(Simmonds 1935, Bennett et al. 1976, Clausen 1978, Waterhouse and Norris 1987). 
Here I present data from surveys in Indonesia to detect biological control agents of 
the banana weevil Because data on weevil pest status in Asia are sparse (Waterhouse 
1993, Valmayor et al. 1994) and often based on unconfirmed reports (Gold et al., 2001), I 
started by determining weevil incidence and severity on farms. I then conducted searches 
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for egg and larval parasitoids in September-November 2000 and March-November 2001 
to cover both the dry and wet seasons. I also assessed the distribution and abundance of 
previously reported predators. In the laboratory, I conducted preliminary studies on the 
predatory potential of some of the most abundant predators. Although several countries 
are reported to be part of the presumed area of origin of the banana weevil (Waterhouse 
1998), this study was done in Indonesia because bananas are an important crop on all 
major islands of Indonesia. I focused the survey on Sumatra and Java because (1) they 
have the highest banana production levels in Indonesia, (2) the banana weevil is not 
reported to be a pest on either island, even though it has long been present, and (3) early 
explorations found a number of predators on Java that might be important in banana 
weevil control. Sumatra was a particularly important survey area because it has several 
microclimatic zones in which the impact of the pest or its natural enemies could be 
assessed. It has a long history of banana cultivation with minimal disturbance from 
pesticides or other practices that might interfere with natural enemy presence. 
Methods 
Study Areas, Dates and Activities 
West Sumatra, one of the provinces surveyed, is characterized by diverse 
topography, varied rainfall patterns and a long history of continuous banana production. 
Bananas are grown in pure stands or are intercropped with perennials like coffee or 
cinnamon in plantations that may be on average 20 years old. Plantations receive 
4 
occasional weeding but residue management (i.e, destruction of harvested banana plants) 
is rarely practiced. This creates a stable system for the existence of the banana weevil and 
its natural enemies. West Java, the second province surveyed, is much smaller and more 
densely populated. Consequently, bananas are grown as an intercrop with annual plants 
or as thin strips bordering rice fields. Pure stands of bananas were rarely encountered and 
the banana farming systems in West Java had lower natural enemy densities than West 
Sumatra. Our survey was conducted at two remote locations in West Java, where banana 
production was considered high by local standards. 
Surveys were run in September-November 2000 (Phase 1) and March-October 
2001 (Phase 2). Activities in 2000 were (1) site and farm selection, (2) determination of 
banana weevil incidence and damage levels at survey locations, (3) collection and rearing 
of banana weevil eggs and larvae to detect parasitoids, and (4) collection of potential 
banana weevil predators in crop residues and testing their predatory potential in the 
laboratory. In 2001,1 development sampling methods that allowed me to obtain much 
larger numbers of banana weevil eggs in the field. Also I sampled over a longer period to 
better detect potential parasitoids. 
Site and Farm Selection (2000) 
In 2000,1 selected six survey locations in western Sumatra which varied from 20 
to 950 meters above sea level (masl) and two in western Java at 450 and 500 masl. I 
chose survey locations with variety of elevations and rainfall patterns, given the 
availability of suitable farms (see Table 1). Exact choice of which farms to sample in a 
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given location was based on farm size, followed by use of random numbers to select five 
farms out of those available. Farms sampled ranged from 0.25 to 3 acres (Table 2); farms 
smaller than 0.25 acres were not considered. Management practices such as weeding, 
mulching, or intercropping were not used as selection criteria due to high variability but 
were recorded for each study farm (Table 2). 
In this study, individual farms were the sampling unit and farms were replicated 
five times at each survey location (site). For small farms (ca 0.25 acres), the whole farm 
was sampled but, on larger farms, sampling for incidence of adult weevils, levels of 
weevil damage, and numbers of predators was confined to one 20 x 40 m plot. No farm 
size restriction was put on collection of banana weevil immatures for parasitoid rearing. 
Banana Weevil Incidence and Damage 
Abundance of adult weevils on farms 
As a measure of banana weevil importance at each study farm, I counted weevils 
captured in split pseudostem traps over a four-day trapping period (Mitchell 1978, Gold 
et al. 2002). Because trap quality and soil moisture can influence weevil behavior 
(Vilardebol960), I standardized traps among farms and locations by using the same size 
piece of just one cultivar (Pisang Kepok from the AAB genome group), which is 
considered to be susceptible to weevils (Kiggundu, 2000). I also restricted the trapping to 
a four-day period within one 2-week period in West Sumatra and a single 1-week period 
in West Java, both before the start of the rainy season in 2000. Using these conditions, I 
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placed one half of a split 30 cm piece of freshly cut banana pseudostem split side down, 
on every other mat of banana plants (a “mat” is a group of plants from a single rhizome). I 
placed 80 to 100 pseudostem traps on the 20 x 40 m plot (0.08 ha) on each farm. Traps 
were left in place for 96 h and then the number of banana weevil adults on or under each 
trap was recorded between 10AM and 4PM of the last day. 
Weevil damage 
To score banana weevil damage, I examined uprooted stumps of ten recently 
harvested plants (1-4 weeks old) and ten plants harvested 8-12 weeks before assessment. I 
recorded damage as the percentage of area that was damaged tissue in a cross sectional 
cut through the plant. For each stump, cross-sectional cuts were made at 0 cm above the 
corm (i.e., at the pseudostem /corm, junction also referred to as the collar) and across the 
corm at 5 cm below the collar. Separate assessments of the percentage of area damaged 
by larvae were made in the central cylinder and in the cortex of each cross sectional cut 
(Gold et al. 1994). 
Collecting and Rearing Banana Weevil Eggs and Larvae 
Collecting and rearing eggs 
In 2000, sampling for egg parasitism was done using two methods (1) by 
collecting eggs from naturally infested banana plants in the field and (2) by placing in the 
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field banana corms that had previously been exposed in the laboratory to gravid weevils 
for oviposition. Each study farm in West Sumatra was visited every two weeks in 
September-November of 2000, and study farms in West Java were visited once in 
November 2000. On each farm, plants that were most likely to have eggs (flowered, post 
harvest plants, or toppled and prostrate stumps [Abera et al. 1999]) were examined. To 
search the corm and lower leaf sheath area of these plants for eggs, I used a knife to 
gently pare corm and pseudostem surfaces and expose eggs embedded in underlying 
tissues. Eggs were extracted using the blunt edge of the knife and placed in clean Petri 
dishes with a fine paintbrush. In the laboratory, eggs were cleaned with an artist 
paintbrush and batches of 10 were held for parasitoid emergence at 25°C on moist tissue 
paper inside sterilized glass Petri dishes sealed with parafilm. Eggs were examined daily 
for signs of parasitism without opening the Petri dishes. Petri dishes were opened (and 
then resealed) every two to three days to maintain an even moisture level. 
At ambient temperatures of about 25°C, most banana weevil eggs hatch in 5-8 
days (Waterhouse and Norris 1987). I held eggs for two weeks and every three days 
recorded the number that hatched, died/desiccated, failed to hatch, or were parasitized. 
Eggs were considered not to be viable if they did not hatch within two weeks after being 
collected. Any adult insects or insect parts found in rearing dishes were considered to be 
signs of potential parasitism and were saved in alcohol for closer examination. 
Because directly searching for banana weevil eggs in the field was relatively 
unproductive, in 2000 I also deployed, in the field, corm pieces containing laboratory-laid 
eggs as trap for parasitoid oviposition. Fresh banana corm pieces (ca. 350 g) were placed 
in groups of three in 20 liter buckets with 30 field-collected, gravid female and 30 male 
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banana weevils. Five such buckets were set up and weevils were held with corm pieces 
for three days at 25°C. Thirty additional female weevils from the same group as used to 
infest corms were dissected to detect eggs and 90 to 95 % were found to have three to 
four mature eggs in their ovarioles. Infested corms with from one to three day-old eggs 
were taken to farms and placed on the soil in shaded areas on banana mats at a rate of five 
corm pieces per farm. Corm pieces were left in the field for 48 hours and then returned to 
the laboratory where the banana weevil eggs were extracted for rearing. This process was 
repeated three times on farms at three of the sites (Solok-Selayo, Bukit tingi and Sitiung) 
surveyed in 2000. Similar work was not undertaken at other sites, nor was this approach 
repeated in 2001, because the total number of eggs laid by weevils in corm pieces, and 
thus the number available for attack by parasitoids, was too low. 
Collection and rearing larvae 
Because banana weevil damage (and hence larval density) was low on recently 
harvested plants all survey sites, I collected larvae to rear for potential parasitoids mostly 
from corms of plants harvested two to three months before or from dead plants, both of 
which had higher larval densities. Corms of sample plants were cut into three or four 
large pieces with a machete, and then each piece was finely dissected to extract larvae. 
Most larvae recovered were fourth to seventh instars because younger larvae were 
difficult to locate in large amounts of plant material in the field. Also, because younger 
larvae required greater effort in rearing (in the absence of an artificial diet), less effort 
was spent trying to locate these stages. 
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Field-collected larvae were taken to the laboratory, where they were reared on 
corm pieces until pupation. To minimize contamination arising from the corm pieces 
used for rearing, only corm pieces cut from the center of plant stumps were used. Inner 
corm tissue was cut into cubes (3 cm on a side) and one larva was inserted inside a hole 
dug into each cube. Holes in cubes of corms were closed with additional corm tissue and 
corm cubes with larvae in them were placed in 250 ml plastic cups with tightly fitting 
covers and sealed with parafilm to exclude entry or exit of small parasitoids. Rearing 
cups were examined every 48 hours to remove excess water, to replace corm pieces as 
needed, and to record the number of larvae that had died, pupated, or showed signs of 
parasitism. Any adult insects other than the banana weevil found in rearing cups were 
placed in 70% alcohol and saved for identification. 
Change in Survey Methods in 2001 
In 2001, survey efforts were focused mostly on searching for parasitoids. 
Sampling occurred over a longer period, from March to November, to cover both the dry 
and wet seasons. Because banana weevil levels were very low at the two West Java 
locations in 2000, no work was done in Java in 2001. Two locations in West Sumatra 
were also abandoned: (1) Pasaman, which like West Java sites had low weevil incidence 
and also was difficult to reach and (2) Solok-Selayo where banana plants at most survey 
farms died due to a bacterial wilt disease and larvae in them were susceptible to 
scavenging flies. 
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To increase the number of banana weevil eggs collected from farms in 2001,1 
developed a method to concentrate oviposition by naturally occurring banana weevil 
females present at sites. I found that fresh cuts on surfaces of stumps of recently 
harvested plants were highly attractive to weevils. To simulate concentrated egg laying, 
stumps of banana plants were cut 0-10 cm above ground level so as to expose corm 
tissue. Pieces of the corm were then cut away to create ridges to increase the surface area 
for oviposition. The ridges also trapped water drops, keeping the corm’s surface moist 
longer. To prevent water from accumulating and promoting fungal growth, ridges were 
cut at a slant so that water would gradually run off. Each prepared corm was covered by a 
split and flattened piece of pseudostem to keep the corm moist and to protect eggs from 
desiccation, while still allowing flying insects to reach the cut face of the corm. Five days 
after corms were prepared in the field, newly deposited banana weevil eggs were located 
by gently paring the corm surface. After eggs were collected, corms were reused by 
cutting deeper into the corm to provide a fresh surface and the process repeated. Because 
this new method allowed me to greatly increase the number of eggs that could be 
collected from the field, the method of infesting corms with eggs in the laboratory used in 
2000 was abandoned. Also in 2001,1 further reduced the risk of contamination of eggs 
(especially by fungi) by placing eggs in separate batches of five (rather than 10) on small 
pieces (0.5 x 0.5 cm) of moist paper tissue over a wax layer, within Petri dishes sealed 
with parafilm. 
Unlike in 2000, larvae were also collected from prostrate pseudostems as well as 
corms to increase sample size. Larvae from pseudostems were likely those of the banana 
stem borer which cannot be distinguished in the field from larvae of the banana weevils. 
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To prevent attack on larvae by saprophagous flies present in the field, larvae were placed 
singly in holes made in corm pieces (3 cm on a side) that had previously been heated in 
water to 60°C for 20 minutes. This process killed any larvae or eggs of sapraphagous 
flies potentially present in plant material used for weevil rearing; adults of such flies 
might be confused with parasitoids. Conns pieces with larvae were placed in tightly 
covered buckets and taken to the laboratory, where corm pieces were placed in 250 ml 
plastic cups with tightly fitting lids for rearing. The cups were held in plastic rearing 
cages (30 cm on a side), fitted with organdy sleeves through which cups could be 
introduced or removed without allowing insects to fly in and out. Cups were observed 
daily through the clear plastic cage walls for adult insects other than the banana weevil 
(signs of parasitism). 
Surveying for Banana Weevil Predators 
Non-formicid predators 
To estimate the abundance of predators other than ants, I searched in and around 
banana residues (i.e., standing or prostrate pseudostems, excluding the corm and leaf 
area). On each farm, ten residues were examined from (a) recently harvested plants (1-4 
weeks old), (b) plants harvested 5-8 weeks before assessment, and (c) plants harvested > 
9 weeks before assessment. Estimates of residue age were made by looking at the level 
of pseudostem decomposition and asking the farmer when plants were harvested. 
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To detect predators, plant residues were split and shredded. In addition, the 
ground and trash around the base of stumps and underneath prostrate residues were 
searched. On each sample date, for each residue, I recorded the number by family and 
presumed species (morphospecies) of all predators in target groups (Staphylinidae, 
Dermaptera, Hydrophilidae and Histeridae). Samples of different morphospecies in the 
above families were recognized in the field, recorded separately, and then coded and 
saved in alcohol for later identification. 
Predatory ants 
In addition to the predator groups mentioned above, ants were common on banana 
mats and post harvest residues. To estimate the abundance of ants on farms, I used 
transect walks. On the short side of the plot, I picked two points (4 m and 12 m from the 
comer of the plot) and walked a 40 m transect through the plot lengthwise starting from 
each point. On each transect I searched every other mat so that from the two combined 
transects on a farm, 25-38 mats per farm and the area around them were searched for the 
presence of ant colonies or foragers. Ant colony density/mat area was recorded as 1-4, 5- 
15, or >15 corresponding to low, moderate, and high ant densities on a farm, rather than 
as counts of colonies per mat to reduce sampling time. Samples of each species found 
were saved in ethanol and sent to Prof. Seiki Yamane and Dr. Katsuyuki Eguchi at the 
Kagoshima University Museum, Kagoshima University, Korimoto, Japan for 
identification to species. 
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Laboratory Experiments to Assess Predatory Potential 
Prey consumption by non-formicid predators 
To confirm predator species as actual banana weevil predators, live predators 
were collected from the field for laboratory tests. I measured predation on four life stages 
of the banana weevil: eggs, medium to large larvae (instars 5-7) (Gold et al., 1999c), 
pupae, and teneral adults. Either ten banana weevil eggs in one thin slice of corm tissue 
or five of any one of the remaining life stages were put in separate corm piece and placed 
in test arena (250 ml cup) separately. Five cups of each banana weevil stage were set up 
for each predator. Field collected earwigs (Lubia sp,) staphylinids (red morphospecies-to 
be identified), P. javanus larvae, or P. javanus adults were introduced into test arenas at a 
rate of one predator per cup. After 48 hours, the number of remaining banana weevil life 
stages in each cup was recorded. Tests were repeated three times to give a total of 15 
replicates for each predator by prey stage combination. 
Prey consumption by Plaesius javanus inside corms 
Because field observations indicated that P. javanus larvae but (not adults) often entered 
banana weevil larval tunnels inside plant corms and because the ability to find banana 
weevil larvae inside corms would be a very important attribute for a banana weevil 
predator, I ran tests to measure the ability of P. javanus larvae to find prey inside corms. 
I used whole intact suckers with a corm volume of about 500 cc (approximately 7 x 7 x 
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10 cm). Using an electric drill with 0.5 cm x 10 cm drill bit, I had nine holes drilled into 
the heart of each corm. The holes were evenly spread over the corm surface. Active mid¬ 
size banana weevil larvae were introduced at a rate of one larva per hole. Holes were 
then plugged with corm pieces to prevent larvae from falling out. Although larvae were 
observed to burrow into corms immediately, I waited for six hours to allow them to cover 
holes with frass (as would be expected under natural conditions) before introducing the 
predator. Two P. javanus larvae were introduced per corm, one each into two of the nine 
holes. Holes were immediately re-plugged to keep the predator larvae from falling out. 
Matching controls were created in which banana weevil larvae were inserted in corms in 
the absence of P. javanus larvae. Five suckers were used for each run of the test, which 
was repeated four times, for a total of 180 banana weevil larvae exposed as prey. Suckers 
were held in the laboratory inside buckets for three days, after which corms were 
dissected and the numbers of live banana weevil larvae remaining were recorded. 
Prey consumption by predatory ants 
To determine if any of the ant species we encountered on mats were potential 
predators of banana weevil immature stages, colonies of the ants most commonly found 
on the mats or in the trash on the ground were taken to the laboratory and offered banana 
weevil life stages as food. Species that formed below-ground colonies were not 
examined because the effort this required was not compatible with our focus on searching 
for banana weevil parasitoids. Ant colonies were scooped into large dishes (1 liter), 
usually with some plant debris, and in the laboratory were placed in 2.5 liter small 
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buckets as the test arenas. Moisture was provided by placing wet cotton wool on the 
bottom of a Petri dish in each bucket. Five banana weevil eggs or five mid to late instar 
larvae were placed in a corm piece as described for non-formicid predators and 
introduced in buckets at a rate of one corm per bucket. Every two days, for two weeks, 
buckets were examined to note the condition of the colony and number of banana weevil 
stages present. A fresh set of eggs and larvae were added to any buckets in which prey 
were completely removed. For each test arena I recorded ‘attack on eggs’ if eggs were 
found missing or ‘attack on larvae’ if larvae were found missing or damaged. In all 
consumption experiments, no attempt were made to run different combinations of 
treatments because this would have required large numbers of eggs and larvae, which 
were being used in parasitoid rearing experiments and thus not available for use in 
predation studies. 
Statistical Analyses 
The abundance of banana weevil across locations was compared one-way analysis 
of variance using the GLM procedure of SAS (SAS Institute Inc. 1997). Survey data on 
damage in plants and abundance of natural enemies in residues were analyzed using a 
mixed model procedure (SAS Institute Inc. 1997), in which plant stages nested in location 
were treated as fixed effects and farms at a location as a random effect. 
In laboratory experiments, the mixed model procedure was applied to compare 
predation potential of different natural enemies. The variable ‘datecode’ representing 
dates on which experiments were conducted was set as a random effect, while predator 
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types and banana weevil immature stages being tested were set as fixed effects. Means 
associated with ANOVA procedures were compared by use of least significant test 
criterion (P < 0.05). Relationships between banana weevil numbers and damage in 
plants, and predator numbers and damage in plants were analyzed using regression. 
To fulfill conditions of normal distribution, data collected as percentages were 
subjected to arcsine square root transformation, while count data were log transformed 
before analysis, however, untransformed data were reported to simplify interpretation of 
results. Data on the fate of eggs and larvae collected and reared for parasitoid emergence 
were presented as percentages of total eggs and larvae collected from the field. 
Results 
Banana weevil incidence 
Banana Weevil Pest Status 
Weevil incidence recorded as number of banana weevils per trap per 72 hours was 
low in both West Sumatra and West Java (Table 3). However, weevil numbers per trap 
were three to four times higher on farms in West Sumatra (mean = 1.1; range = 0.6 - 1.7) 
than in West Java (mean = 0.25, range = 0 .2-0. 4) (F = 173.83; P < 0.001). Percentage of 
traps (out of 80) with weevils present were three times higher on farms in West Sumatra 
(45.5%) than on farms in West Java (15.8%) (F = 32.11, P = 0.001). 
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Banana weevil damage 
Visual signs of banana weevil damage (e.g., sucker or plant death before 
flowering, toppling, and snapping), which are common on weevil-infested farms in 
Uganda, were absent on farms at all survey locations in Indonesia. Damage in recently 
harvested plants (1-4 weeks) differed significantly (F = 76.3, P < 0.001) between the two 
islands, with damage levels being low (mean = 0.06%; range 0.03-0.1%) in West Java 
and moderate (mean = 1.5%, range 0.6% to 2.2%) in West Sumatra (Table 4). In West 
Java, weevil damage was considered unimportant. 
Damage on residues increased significantly with residue age after harvest; damage 
in 8-12 week- old residues (6.0 % ± 0.7, range 4.9-7.1%) was three times greater (F = 
20.5, P < 0.001) than damage in 1-4 week- old residues (1.3% ± 0.2; range 0.6- 2.2%) in 
West Sumatra. In West Java, older residues did not occur because of quick removal to 
allow for planting of intercrops. Overall, weevil incidence correlated with damage levels 
on surveyed farms (R = 0.49) (Figure 1). 
Parasitism of Banana Weevil Eggs and Larvae 
Egg parasitism 
In 2000, 485 naturally occurring eggs were collected for rearing (Table 5a). Of 
these 86% eclosed during rearing, 14% died either due to fungi, mechanical damage, or 
failure to hatch. Of the 157 eggs collected from corms that were artificial infested in the 
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laboratory and taken to the field as trap hosts, 66% eclosed, and 34% died due to fungal 
attack, mechanical damage, or failure to hatch (Table 5b). No evidence of parasitism was 
found in laboratory laid-eggs exposed as trap hosts (to trap oviposition form parasitoids 
in the field), and inconclusive evidence was found in four instances among naturally 
deposited eggs. One of the specimens was identified as an unidentified chalcid. 
In 2001, the ridged corm technique resulted in 24,360 eggs being collected from 
the field (Table 5c), a 50-fold increase over the first survey year. Of these, 84% eclosed, 
16% died, and none were parasitized. 
Larval parasitism 
In 2000, 553 larvae (mostly fourth to seventh instars) were collected from field 
sites and reared (Table 6a). Of these, 27% died and 73% pupated, (61% within two 
weeks, and 12% between 2 and 4 weeks after collection). On ten different occasions, 
phorids {Megaselia sp.) emerged from larvae. In 2001, 3118 fourth to seventh instar 
larvae were collected from banana residues (Table 6b). Of these 21% died and 79% 
pupated, (70% within two weeks and 9% between 2 and 4 weeks after collection). Adult 
flies were observed in rearing dishes from all four sites in Table 6b. These were 
Drosophila sp. that had attacked larvae in Moko-infested plants (a bacterial wilt disease 
of bananas caused by pseudomonas solanacearum). Since both Megaselia sp. and 
Drosophila sp. were most likely scavengers, I concluded that I found no evidence of 
parasitism in the banana weevil larvae collected from any location in West Sumatra or 
West Java. 
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Banana Weevil Predators 
In banana residues, I found four predators in two families of Coleoptera 
(Histeridae and Staphylinidae), three families of Dermaptera (Lubiidae, Forficulidae, and 
Chelisochidae) (Table 7), and four subfamilies of Formicidae (Dolichoderinae, 
Formicinae, Ponerinae, and Myrmicinae) (Table 8). 
Non-formicidae predator abundance 
Among the non-formicid predators, earwigs were significantly more abundant 
than histerids and staphylinids combined across all locations (F = 84.61, P < 0.01) (Table 
7). Total predators per residue were three to four times more abundant in West Sumatra 
(mean = 7.62 ± 0.22, range 4.9-11.1) than in West Java (mean = 2.25 ± 0.5), range 1.6- 
2.7) (F = 230.59, P < 0.001) (Table 7). 
Some predatory groups showed a residue age preference. Lubiids (Dermaptera) 
were found at significantly higher levels in fresh residues (1-4 weeks) than old ones (5-12 
weeks) F = 14.88, P < 0.001), as were Staphylinidae (fresh residues = 0.8 ±0.1, old 
residues = 0.5 ± 0.1; F = 3.34, P < 0.01). Histerids, however, were most abundant in old 
residues; for example P.javanus larvae were twice as abundant in old (5-12 weeks) 
residues (mean = 0.9 ± 0.1) as fresh (1-4 weeks) residues (mean = 0.4 ± 0.1) (F = 41.71, P 
< 0.001). In contrast, adults of P. javanus were significantly more abundant in fresh 
residues (mean = 0.9 ±0.1) than old ones (0.6 ± 0.1) (F = 8.98, P < 0.001). Early instars 
of P.javanus were commonly found in 1-2 week-old residues (stumps) and adults were 
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found in freshly cut residues, including pseudostem traps. Attraction of adults to freshly 
cut residues and presence thereafter of early instar larvae of P. javanus in these residues, 
parallels the occurrence of banana weevil adults and early instar stages in fresh residues 
suggesting that P. javanus may be a relatively specialized predator of the banana weevil. 
Formicid abundance 
Eleven ant species were found in close association with banana plants in our 
survey (Table 8). Of these, Anoplolepis gracilipes (Formicinae), Pseudolasius sp. 
(Ponerinae), and Pheidole plagiaria (Myrmicinae) were most widely distributed and most 
abundant, with 15 or more colonies per 30-40 m transect. Three species - 
Technomyremex sp.3 (Dolichoderinae), Daicama sp. (Ponerinae), and Daicamma 
rugosum (Myrmicinae) - were encountered at only one of the seven survey locations, 
suggesting these species were either rare or had restricted distributions. Daicamma 
rugosum was especially restricted, occurring only at farms at one location in West Java. 
The remaining five species were not widely distributed, but in locations where they 
occurred, they were rather abundant, except for Myopopone castenae. This latter species 
formed colonies inside banana plants in the corm or pseudostem but was usually 
encountered in five or fewer plants per location. 
Myopopone sp., Pheidole sp., Pochycondyla sp., and Monomorium sp. established 
their colonies inside corms or pseudostems of banana plants, while A. gracilipes, 
Campanotus (Tanaemyrmex) sp. 47, D. rugosum, Odontomachus rixosus and 
Pseudolasius sp. colonies were found in pseudostem leaf sheaths or in leaf trash at the 
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base of mats. Such close proximity of these ants to banana plants and residues suggested 
that the level of foraging activity of these ants in or on banana plants was high at most 
farms. 
Predatory Potential 
Ants 
Quantitative measurement of consumption of banana weevil stages by ants in the 
laboratory failed because of great variation in number of workers among colonies of a 
given species. Some species did not feed at all and others were very aggressive. I was 
able for some species to establish that eggs or larvae were accepted as food when 
presented. These included Pheidole plagiaria, Daicamma rugosum, Odontomachus 
simillimus and Polyrhachis dives as noted in Table 8. Myopopone castenae, which forms 
colonies inside banana plants, was found attacking banana weevil larvae inside corm 
pieces in the field. 
Non formicid predators 
Labia sp., the staphylinidae designated ‘red’ morphospecies and P.javanus were 
the most abundant non-ant predators, accounting for over 90% percent of all non-ant 
predatory individuals recovered in all samples pooled. I tested these three species in the 
laboratory to confirm their predatory potential against banana weevils (Table 9). The 
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earwigs of Labia sp.l consumed 42% (63/150) of the eggs presented but only 25% 
(19/75) of the banana weevil larvae, 3% of the pupae (2/75), and none of the teneral 
adults. The staphylinid in contrast, consumed fewer eggs (21%, [32/150] but more 
larvae, (50% [35/75] and pupae (10% [8/75] of those presented in test arenas. The larva 
of the histerid beetle, P. javanus consumed no eggs (0/450) but attacked 88% (66/75) of 
the banana weevil larvae and 53% (40/75) of banana weevil pupae. P. javanus adults 
consumed no eggs (0/450) but attacked 75% (56/75) of the larvae and 38% (29/75) of 
banana weevil pupae. None of the predators attacked teneral adults. Overall, eggs were 
most susceptible to attack by earwigs (.Labia sp.l) and to a lesser extent Staphylinidae 
(morphospecies “red”). Larvae and pupae were attacked by all predators, although P. 
javanus larvae and adults consumed significantly higher numbers (F = 49.80, P < 0.001) 
than did staphylinids or earwigs. 
P. javanus larvae search for banana weevil larvae in corms of suckers 
The mean number of banana weevil larvae exposed to two P. javanus larvae was 
nine per sucker. Out of 20 suckers examined, P. javanus larvae attacked some banana 
larvae in all suckers. On average the two P. javanus larvae consumed 6.3 ± 0.2 banana 
weevil larvae per sucker (Table 10). In the control treatment, an average of 7.9 ± 0.3 
larvae per sucker were alive at the end of the test. The presence of P. javanus larvae in 
corms resulted in a significantly fewer live banana weevil larvae (1.7 ± 0.3) at the end of 
the test than in controls (F = 746.0, P < 0.001). This suggests that P. javanus larvae 
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either moved among interconnected tunnels inside corms in search of larvae or exited one 
tunnel, moved over the corm surface, and entered other tunnels to attack larvae. 
Predator: Prey Ratios 
Overall, banana weevil populations at survey locations appears to be under a 
certain level of natural enemy predatory pressure, and banana weevil damage was 
negatively correlated to the ratio of non-formicid predators to the number of banana 
weevil adults per trap, although the R2 value was low (0.28) (Figure 2). 
Discussion 
The banana weevil’s pest status in its area of origin, the Indo Malaysian region, 
has been poorly known (Waterhouse 1993, Gold 1998), yet such information is critical to 
the development of classical biological control programs. I confirmed earlier reports 
(Hasyim and Gold 1999) that the banana weevil is relatively unimportant in the Indonesia 
compared to Uganda. Mean catches on farms in Indonesia of 0.2-1.7 weevils per trap 
(Table 3) were low compared to the pest threshold, which ranges between 1-15 weevils 
per trap per trapping occasion of 72-96 hours (McNutt 1974, Allen 1989, Sponagel et al. 
1995) in parts of the world where the weevil is considered an important pest. Weevil trap 
catches in the Indonesian study were similar to trap catches in Uganda at high elevation 
sites (Gold et al. 1994, Gold et al. 2002), where weevils are considered unimportant. 
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The low pest status of the banana weevil in Indonesia is further underscored by 
the low weevil damage I found on an otherwise highly susceptible AAB clone. My work 
and an earlier study by Hasyim and Gold (1999), who recorded weevil damage over a six 
month period at one location in Indonesia, found that weevil damage levels were very low 
(0 to 2.2%) at harvest. In Uganda, damage levels on this clone range from 7.8 to 8.1%. 
These damage levels are considered to be only moderate losses (Kiggundu 2000). 
Banana weevil damage in residues in West Sumatra increased with time after 
harvest (Table 4) but remained comparatively low. Damage levels in Indonesia of 4.9 to 
7.1% in old residues were comparable to damage at locations in Uganda where the 
banana weevil is considered unimportant (Gold et al., 1994) or to damage levels on 
resistant clones (Abera et a. 2000, Gold and Bagabe 1997, Kiggundu 2000). Post harvest 
damage is not significant since it comes after yield; nevertheless, in Uganda, cumulative 
weevil damage over several crop cycles was associated with decreased yield and higher 
losses of immature plants in raton crops (Rukazambuga 1996, Rukazambuga et al. 1998). 
The lack of similar patterns in Indonesia and low damage on the AAB clone, an otherwise 
highly susceptible group (Kiggundu, 2000), led me to believe that natural enemies in 
Southeast Asia are in part responsible for low damage levels observed on bananas in the 
region. 
In my first parasitoid survey in 2000, low egg numbers hampered parasitoid 
search. The low egg density, however, was suggestive of low pest status for the banana 
weevil. To increase sample sizes for egg parasitoid surveys, I developed a “ridged corm 
technique” in 2001 and this method increased egg sample sizes 50-fold. Over 84% of 
eggs collected from the field in 2001 eclosed, indicating that my rearing conditions were 
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suitable. Fungi killed sixteen percent of the eggs, a level consistent with past surveys 
(Hasyim and Gold, 1999). In over 80% of 25,000 eggs that eclosed, I found little or no 
evidence of parasitism, although I did recover an unidentified chalcid. Cendana (1922) 
reported finding a chalcid wasp in cages where he was breeding banana weevils. There 
was no clear explanation for the presence of these parasitoids in eggs on either of the two 
occasions observed other than perhaps accidental. From 3,671 larvae, I recovered 10 
individuals from the family Phoridae in the genus Megaselia. Megaselia sp. are 
saprophagous, but the biology of the species collected from banana weevils is unknown. 
Regardless, these data do not provide evidence of any significant level of larval 
parasitism (0.003% [10/3,671]). 
Although the banana weevil is stated to be a native of the Indo-Malaysian region 
(Zimmerman 1968, Clausen 1978) and current investigations in its biological control 
have assumed this to be so, there were centuries of intercontinental European travel in 
which banana materials could have been moved into the region with the pest (Waterhouse 
1998). Such banana shipment may have spread banana weevils in infested planting 
material and thus obscured the weevil’s true area of origin. Further searches for egg and 
larval parasitoids should be undertaken in other possible areas of origin, especially 
southern India, which is the center of origin of plantains (AAB) and where the banana 
weevil is also considered unimportant (Gold et al. 2001). 
Among predators seen in this study, at least eleven species of ants were found in 
West Sumatra and West Java that were closely associated with banana mats or banana 
trash (Table 8). In Cuba, the myrmicine ants Pheidole megacephala (Fabricius) and 
Tetramorium guinensee (Nylander) have been used as biological control agents against 
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banana weevils. Large colonies of Pheidole harvalandi Eguchi, a species similar to P. 
megacephala with respect to colony formation and foraging patterns, were observed in 
this survey on farms in Bukit tingi in 2001, and worker ants of this species were found 
foraging in larval tunnels in recently cut plant conns. Workers of P. megacephala in 
Cuba have been recorded pulling larvae from tunnels in plants (Gold, unpublished 
observation). The high density of colonies of ants on farms in Indonesia suggests that 
native ants might be important natural enemies of banana weevil. 
Survey for banana weevil predators in this study showed that major predators 
exist among staphylinids, histerids and several families of earwigs, (Table 7). The higher 
abundance of P. javanus larvae in older versus younger residues was not surprising given 
that the larval stage of this species lasts 5-6 months (Hasyim and Gold 1999). The 
practice at some of the survey locations of meticulous residue removal to create room for 
intercrops (especially in West Java) may have removed P. javanus adults and larvae from 
these farms since residue removal may not have been compatible with the reproductive 
needs of this species. 
Predator feeding tests confirmed existing reports earwigs (Sun 1994) and 
staphylinids (Jepson 1914, Edwards 1934, Koppenhofer 1993b, 1994) as banana weevil 
predators. In cages, Koppenhofer (1994) found that staphylinids reduced banana weevil 
larvae by 42% and eggs by 20%. This was comparable to my findings, in which 
staphylinids consumed 50% of the larvae and 21% of the eggs presented to them (Table 
9). Staphilinids were rated as the second most important predatory group in Kenya after 
hydrophilids (Koppenhofer 1994). 
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Test studies on feeding of P. javanus confirms previous report that this species is 
a voracious consumer of banana weevil stages (Waterhouse 1998, Hasyim and Gold 
1999). Larvae are capable of consuming over 30 banana weevil larvae per day, while the 
adults may consume 7-8 larvae per day (Hasyim and Gold 1999). In this study, P. 
javanus larvae aggressively attacked banana weevil larvae and pupae in corm pieces 
(Table 9), killing a significantly higher proportion of both stages than adults (F = 49.8, P 
< 0.001). I observed that the shape and soft body of P. javanus larvae allow them to 
move and turn more easily inside banana weevil larvae tunnels in banana residues and 
was able to demonstrated that, P. javanus larvae entered corms and consumed a 
significant number of the banana weevil larvae present. This is in contrast to previous 
reports, that P. javanus attack on weevil stages was limited by inability of the predator 
(adults and larvae) to find larvae in corms (Hasyim and Gold 1999). The ability of P. 
javanus larvae to go deep into corms together with the long development period of larvae 
and slow population growth rate of the banana weevil, suggest that P. javanus larvae may 
reduce weevil larval survival rates inside corms to low levels. 
Regression of weevil damage on predator: banana weevil ratios suggested that at 
sites where predators are abundant, banana weevil damage is likely to be low (Figure 2). 
Predators may be more likely to control banana weevil populations than parasitoids, 
because predators can physically enter the decomposing material of pseudostems and 
rhizomes, which act as important banana weevil breeding areas after plants are harvested. 
Plaesius javanus has been introduced to 24 countries as a classical biological 
control agent of the banana weevil. In nine, it established and in two, including Fiji, it 
was reported to have reduced the banana weevil pest status (Waterhouse 1998). Most 
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attempts at classical biological control using P. javanus have been, however, 
characterized by low release numbers and few releases. In Fiji where 3,500 individuals 
were released, the beetles established and were reported to control the banana weevil 
(Anon 1935, Simmonds 1935, Rao et al. 1971). In no other country were significantly 
large releases made (Rao et al. 1971). In Uganda for example, a total of only 252 
individuals were released (Greathead 1971). From an ecological point of view, such low 
numbers may have included too little genetic diversity or may have resulted to too rapid 
dispersal to form a breeding population (Allele effect). 
Given its performance as a component of the predator complex in Indonesia, I 
believe the value of this species as a candidate predator for classical biological control 
should be revisited. Even partial control of the banana weevil from natural enemies, if 
combined with plant resistance, would likely reduce the importance of the banana weevil. 
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Table 1. Districts Surveyed in West Sumatra and West Java provinces, Indonesia for 
Natural Enemies of Banana Weevil, 2000-2001. 
Year Surveyed Elevation Annual 
Island District (Location) 2000 2001 (masl) Rainfall (mm) 
West Sumatra 1. Pariaman + + 20 >4000 
2. Pasaman + 45 >4000 
3. Sitiung + + 100 2900 
4. Batu Sangkar + + 500 1800 
5. Solok-Selayo + 700 2100 
6. Bukit tingi + + 950 3000 
West Java 7. Cianjur + 450 3000 
8. Sukabumi + 500 3000 
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Table 3. Banana Weevil Incidence at Survey Location in Indonesia in September- 
November, 2000. 
Province Location3 Weevil incidence 
(mean weevils 
/trap ± SE) 
% Trap with weevils/ farm 
(mean ± SE, range/location) 
Batu sangkar 1.7 ±0.2 a 65.5 ± 4.6 (60-74) a 
West Sumatra 
Bukit tingi 1.3 ± 0.2 ab 46.5 ± 4.6 (29-64) b 
Pariaman 1.1 ±0.2 be 43.5 ± 4.6 (45-50) b 
Pasaman 0.6 ± 0.2 cd 29.3 ± 4.6 (20-44) c 
Sitiung 0.8 ± 0.2 be 42.5 ± 4.6 (32-48) b 
West Java Cianjur 0.4 ± 0.2 d 19.6 ±5.9 (14-29) d 
Sukabumi 0.2 ± 0.2 d 13.1 ±5.1 (4-28) d 
a Sites arranged from most infested (top) to least infested. 
Means in a column followed by the same letter are not significantly different at P < 0.05 
level according to least significant differences tests. 
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Table 4. Banana Weevil Damage Levels on Recently Harvested (1-4 weeks) and Old (8- 
12 weeks) Banana Stumps (AAB cultivars) in Farmers’ Fields in Indonesia, September- 
November, 2000 (Mean, SE). 
Island Location 
% Weevil damage on harvested 
plants 
1-4 weeks 8-13 weeks 
West Sumatra Batu sangkar 2.2 ±0.9 a 7.1 ±0.9 a 
Bukit tingi 2.1 ±0.8 a 6.3 ± 0.8 a b 
Pariaman 1.5 ± 0.9 b 5.3 ±0.9 be 
Pasaman 0.6 ± 0.8 c 4.9 ± 0.8 c 
Sitiung 1.2 ± 0.8 b 5.8 ± 0.8 b 
West Java Cianjur 0.1 ±0.9 d a 
Sukabumi 0.03 ± 1.2 d a 
Overall mean / plant stage 1.2 ±0.2 a 5.9 ± 0.7 b 
a Residues of this category were not present on farms in West Java. 
Location means in a column followed by the same letters are not significantly different at 
P < 0.05 according to least significant differences tests 
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Table 5: Fates of Field-collected and Trap Host Banana Weevil Eggs from Sites in West 
Sumatra. 
A. Eggs from natural field oviposition, in 2000 (% [Number]) 
Location Dead3 Eclosed Signs of Parasitism Total 
Pariaman 2 (1) 98 (46) 0(0) 47 
Sitiung 20 (31) 80(124) 1.2 (2) 155 
Batu Sangkar 8 (9) 92 (94) 0(0) 103 
Solok-Selayo 15 (8) 85 (44) 0(0) 52 
Bukit tingi 14(18) 86(110) 1.6 (2) 128 
Average (n) 14 (67) 86 (418) 0.82 (4) 485 (grand total) 
B. Eggs from artificial infestations (Trap host eggs) (% [Number]) 
Location Dead3 Eclosed Signs of Parasitism Total 
Solok-Selayo 22(17) 78 (63) 0(0) 80 
Bukit tingi 38 (21) 62 (34) 0(0) 55 
Sitiung 68(15) 32 (7) 0(0) 22 
Average (n) 34 (53) 66(104) 0(0) 157 (grand total) 
C. Eggs from natural field oviposition in 2001, using enhanced corm technique (% 
[Number]) 
Location Dead3 Eclosed Signs of Parasitism Total 
Bukit tingi 15 (1,360) 85 (7,773) 0(0) 9,133 
Sitiung 14 (745) 86 (4,699) 0(0) 155 
Pariaman 18 (545) 82 (2,507) 0(0) 103 
Batu Sangkar 18(1,212) 82 (5,519) 0(0) 52 
Average (n) 16 (3,862) 84 (20,468) 0(0) 24,360 (grand total) 
aEggs that died either due to fungal attack, mechanical injury or failed to hatch during two 
to three weeks of rearing 
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Table 6. Fates of Banana Weevil Larvae collected from Farmers’ Fields in West Sumatra 
and West Java, Indonesia in 2000 and 2001. 
A. September-November, 2000 (% [Number]) 
Location Died3 Pupated Signs of 
parasitism5 
Total 
Pariaman 37 (20) 63 (34) 4(2) 54 
Pasaman 49(19) 51 (20) 0(0) 39 
Situng 16(11) 84 (57) 2(1) 68 
Batu Sangkar 14(12) 86 (75) 0(0) 87 
Solok-Selayo 23 (14) 76 (48) 3(2) 62 
Bukit tingi 27 (60) 73 (160) 2(4) 220 
West Java (2 locations) 22 (5) 78(18) 4(1) 23 
Average (n) 27(141) 73 (412) 2(10) 553 
(grand total) 
B. March-November, 2001 (% [Number]) 
Location Died3 Pupated Signs of 
parasitism5 
Total 
Pariaman 25 (120) 75 (355) 0.6 (3) 475 
Situng 24(155) 76 (492) 1.0 (7) 647 
Batu Sangkar 19(217) 81 (926) 0.2 (2) 1143 
Bukit tingi 19(162) 81 (691) 0.5 (5) 853 
Average (n) 21 (654) 79 (2,464) 0.5 (17) 3118 
(grand total) 
aNumber of larvae that died or had not pupated within two weeks of collection 
bNumber of dishes with phorids 
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Table 9. Consumption rates of Different Life Stages of the Banana Weevil by Three 
Species of Predators in a Laboratory Experiment over a 48-hour Period at RIF, Solok, 
Indonesia (mean % of prey offered that was consumed, SE) (n = 15) 
% of prey items (banana weevil stages) eaten in 48 hours 
Predator group Eggs Larvae Pupae Teneral adults 
Earwigs a 42.0 ±3.5 a 25.0 ± 3.4 d 2.7 ± 3.4 d 0 ± 0 a 
Staphylinidaeb 21.3 ± 3.1 b 50.4 ±3.1 c 10.7 ± 3.3 c 0 ± 0 a 
P. javanus larvae 0 ± 0 c 87.6 ± 2.9 a 53.3 ± 3.5 a 0 ± 0 a 
P. javanus adults 0 ± 0 c 74.7 ± 3.2 b 37.6 ± 2.9 b 0 ± 0 a 
a Labia sp. 1; b Staphylinidae (red morphospecies) 
Means in a column followed by the same letter are not significantly different at P < 0.05 
according to least significant differences tests. 
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Table 10. Feeding of Plaesius javanus larvae on Banana Weevil Larvae inside Corm 
Tunnels in Suckers under Laboratory Conditions at RIF, Solok, Indonesia (mean / sucker 
± SE,n = 20 suckers) 
Fate of BW Larvae in Suckers (9 larvae per sucker) 
Treatment Alive Attacked Othera 
P. javanus larvae 1.7 ±0.3 a 6.3 ± 0.2 a 1.0 ±0.2 a 
Control 7.8 ± 0.2 b 0 ± 0 b 1.2 ±0.2 a 
a Found outside sucker in bucket 
Means in a group followed by the same letter are not significantly different at P < 0.05 
level according to least significant differences tests. 
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Figure 1: Banana weevil incidence in relation to banana plant damage at survey locations 
in Indonesia, September-November, 2000. 
40 
W
ee
vi
l d
am
ag
e,
 
XT
 
Figure 2: Correlation of banana weevil damage and predator-prey ratio on plants at survey 
locations in Indonesia, September-November, 2000 (banana weevil damage, XT = % of 
cross section of a plant corm that had weevil damage) 
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CHAPTER 2 
DETERMINING AN APPROPRIATE SAMPLING UNIT FOR BANANA 
WEEVIL PREDATORS WITH RESPECT TO THEIR DISTRIBUTION IN 
PLANTATIONS 
Abstract 
In this study I measured abundance and spatial distribution within banana fields of 
previously described predators of banana weevil, Cosmoploites sordidus (Germar), and 
used the information to identify the best sampling unit for work with such predators in 
future studies. I sampled crop residues and live plants by destructive sampling and used 
visual observations to look for predators on the ground surrounding mats and in the soil. 
Experiments were conducted in a trial at the Kawanda Agricultural Research Institute 
(KARI) in Kampala, Uganda and in farmers’ fields in Ntungamo District, Uganda. 
In plots at KARI, 32% of all the predators were in prostrate residues, 44% in 
standing residues on mats, and 24% on living plants on mats. Together (prostrate and 
standing), residues accounted for 76% of all the predators in plots. On mats, flowered 
plants had 2.5 times more predators than maiden suckers and 5 times more predators than 
preflowered plants. Most predators in live plants, equivalent to 71-100% were in 
pseudostems rather than corrns for plants older than 6 months. Predators per m2 were 3-4 
times more in residues than in live plants on mats, and several hundred times more than 
were in the soil. On farmers’ fields, the number of predators per m were 35 times higher 
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in residues than on living plants; absence of predators on living plants was a result of leaf 
sheath removal by farmers to deny weevils oviposition sites. 
These data demonstrated that banana weevil predators are most abundant in 
residues. Residues are the most appropriate sampling unit for estimating abundance of 
banana weevil predators because (1) they were the only sampling unit in which all 
important species of predators were present, (2) they had the greatest number of predators 
per m2 of any sampling unit, and (3) they are the most important breeding site of the 
banana weevil and can be sampled without harm to the banana crop, which is not true for 
live plants. 
Introduction 
The banana weevil, Cosmoplites sordidus (Germar), is the most important insect 
pest of bananas (Becarri 1967, Waterhouse and Norris 1987, Waterhouse 1998, Gold 
1998, Gold et al.1994, 2001). Predators of this pest exist in Southeast Asia, the pest area 
of origin (Jepson 1914, Froggatt, 1925, 1928, Simmonds 1966, Waterhouse and Norris 
1987, Waterhouse 1993, 1998), but also indigenous predators have been found in 
different parts of the world where bananas are found (Becarri 1967, Neuenschwander 
1988, Koppenhoffer 1993a, b, Koppenhoffer et al.1992, Sponagel et al. 1995). 
Nonetheless, the role of natural enemies in banana weevil control is not well studied 
because previous studies were either negative or poorly done (see Kermarrec et al. 1993 
and Gold et al. 2001 for reviews). 
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Recent work indicates that there are at least 12 indigenous predators of the banana 
weevil in East African Highland banana in western Kenya (Koppenhoffer 1993b, c, 
Koppenhoffer et al. 1992, 1995) and Uganda (Tinzara et al. 1999). To use the indigenous 
banana weevil predatory guild in biological control, sampling methods are needed to 
estimate predator abundance and distribution in order to determine (1) which species are 
abundant enough to be of possible significance as biological control agents, (2) how 
predator abundance varies with respect to plant stage, and (3) which cropping practices 
might enhance or conserve predators. 
As with pest sampling, assessing natural enemy abundance requires development 
of reliable sampling techniques and programs (Pedigo 1994), which may employ various 
sampling methods as described by Southwood (1978), Pedigo (1994), or Van Driesche 
and Bellows (1996). To date, the only method that has been used to sample banana 
weevil predators is destructive sampling (Koppenhoffer 1993b, Koppenhoffer et al. 1992, 
Hasyim and Gold 1999). Although labor intensive, destructive sampling is good at 
estimating densities of cryptic or small insects, ones with limited mobility, or those that 
spend significant time inside plant tissues (Southwood 1978). 
In this study, I used destructive sampling of plants and residues, as well as visual 
observation of soil and plants surface. Destructive sampling was considered to be the 
most appropriate method for sampling banana weevil predators because (1) the biomass 
of banana plants on farms suggests that most predators in banana plots may live inside 
banana plants; and (2) banana weevil adults as well as the eggs, larvae, and pupae are 
found in plants (Roth and Willis 1963, Koppenhoffer 1993a, Abera et al. 1999, Masanza, 
2003), suggesting that predators able to forage inside banana plants are most likely to be 
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effective against the pest. Therefore, my goal was to find the most appropriate sampling 
unit to measure abundance of banana weevil predators. I compared abundance and 
distribution of predators (1) among living plants on mats, (2) in crop residues, and (3) in 
the soil around mats. I conducted studies in plots at the KARI Research Station in 
Kampala, Uganda, and in farmers’ fields in Ntungamo district. 
Methods 
Banana Weevil Predators in a Trial at KARI Station 
Site and plot description 
This study was conducted at the Kawanda Agricultural Research Institute (KARI) 
(0° 25’N, 32°32’E), located 13 km north of Kampala in Uganda at 1130 meters above sea 
level. Work was done in a pre-existing plantation with four blocks, in each of which 
there were three plots, each, with one of the three possible levels of crop residue removal. 
Each plot was 900 m2 in area and contained 120 mats with 3 x 2.5 m spacing. Grass 
alleys of 11 x 15 m separated blocks and plots within blocks to minimize banana weevil 
movement (Gold et al. 1998a, 1999b). The plantation was established in 1999, using 
cultivars of East African Highland banana considered susceptible to weevil damage 
(Kiggundu 2000). At planting, pre-existing banana weevil damage in planting material 
was removed by paring suckers and dipping them in a solution of chloropyriphos (30 
ml/150 1 water) for one hour before planting. 
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For purposes of this experiment I report predator distribution at low crop residue 
removal ‘low sanitation crop plots’. (Separately I report the effect of different levels of 
crop residue removal on predator density elsewhere). Within study plots I sampled three 
zones (1) crop residues (standing, or prostrate pseudostems of harvested plants), (2) live 
plants (subdivided into four growth stages, apart from post harvest residues, and (3) soil. 
I sampled all four low sanitation plots. In each plot, pseudostems of harvested plants had 
been cut into halves 1 meter above the ground, and the stumps left standing on mats. The 
top section was left intact (neither split not chopped) on the ground. Numbers of residues 
per plot increased over time as banana bunches were harvested. 
Sampling Methods 
I searched for those groups of natural enemies previously identified by 
Koppenhofer et al. (1992) and Koppenhofer (1993b, c) on East African highland banana 
in western Kenya as potential banana weevil predators (i.e., Dermaptera, staphylinids, 
hydrophilids, histerids), and formicids. 
Sampling plants on mats 
In all plots, I selected five mats by random numbers, and on each selected mat, all 
live plants were categorized according to time since emergence, as 1-3 month old plants 
(peepers), 4 to 6 month plants (maiden suckers), 7-9 month plants (preflowered), >9 
month plants (flowered), and living stumps of harvested plants still standing on mats 
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(post harvest standing residues). Each plant on the five mats, was destructively searched 
i.e, the pseudostem and the above ground (exposed) part of the corm. To search the 
pseudostem, I removed leaf sheaths, removing and shredding all loose layers. Any 
natural enemies of the target groups were counted and recorded. To search the above 
ground surface of the corm, I detached roots and scraped the corm surface with a knife, 
counting and recording any predators found. 
Sampling of soil and below ground parts of live plants 
The ground area around each of the sampled mats within each plot was divided 
into zones 0-50, 50-100, or 100-150 cm from base of the mat. Each sample zone was 
subdivided into three equal parts and one part, equivalent to 0.26m2 was randomly and 
closely examined for predators on the soil surface or within the trash on the soil. At three 
random points, one in each third of the sample zone, soil was excavated by filling a 150 
cm3 tin cup, used as a scoop. These procedures were repeated for each of the three zones 
around the mat. Each of the 45 soil samples excavated per plot (3 samples x 3 zones x 5 
mats) was placed in a plastic bag and taken to the laboratory, where it was checked for 
predators. A total of 180 soil samples were collected from the plantation (45/plot x 4 
plots). When all plants on a mat and the soil around the mat had been assessed, all five 
sample mats were uprooted and plants separated according to their phenological stage. I 
assessed the root areas of each plant, removed the roots, and chopped the corm into pieces 
while searching for predators. 
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Sampling post harvest non-living residues 
After searching mats in each plot, I searched for predators associated with post 
harvest non-living prostrate residues. Ten halves (each about 1 m in length) of intact 
prostrate pseudostem residues were split lengthwise and shredded to searching for 
predators. For each sample I recorded numbers of all morphospecies for Dermaptera, 
staphilinids, histerids, hydrophilids or ants (as both number of foragers and colonies). 
Abundance and Distribution of Predators in Farmers’ Fields 
Sampling was also done in farmers’ fields to determine (1) if on-farm 
management practices affected the spatial abundance of predators and (2) what sample 
unit would be most useful in farmers’ fields given that destructive sampling of live plants 
was not possible. The study was conducted at Ntungamo district in Uganda (30° 13.66’ 
E, 0° 52.88’ S), located 1500 meters above sea level, where KARI has established 
research collaboration with local farmers. 
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TreaKnents and experimental design 
In the study area, we sampled the most commonly used management practice, the 
pure banana with trash. I randomly selected farms from blocks of farms so that those 
selected for the study were at least 1 km apart. Five such farms were selected and on 
each, five mats and ten residues per farm were selected for assessment, all by use of 
random numbers. Mats and the soil around the mat were assessed as described above in 
the on station trial. 
Statistical Analyses 
Predator counts were log transformed before analysis in order to normalize 
variance associated with count data. Data from the on-station trial were analyzed for the 
effect of plant growth stage or distance from the mat (for soil) on predator abundance 
using the Proc Mixed Procedure in SAS with blocks, plant stage and distance from the 
mat as random variable (SAS Inc. 1997). Data from farmers field were analyzed in a 
similar manner with farm as the random variable. Mean of different plant stages or 
locations from the mat were compared using the least significant differences test criterion 
(P < 0.05). To calculate the number of predators per m2 for each sampling unit, I 
multiplied predators per sampling unit (e.g. prostrate residues) by the number of such 
units per m and recalculated standard errors. Predators per plot were estimated as mean 
predators per m per sample unit times average number of that sample unit in a plot. 
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Results 
Banana weevil predators from the order Dermaptera and Coleoptera (in families 
Staphylinidae, Hydrophilidae, and Histeridae) were found in living plants on mats, in 
residues, and in the soil. In general I observed that predator numbers varied by plant age 
and level of leaf sheath removal (detrashing) on living plants on a mat. 
Banana Weevil Predators in a Trial at KARI Station 
The highest number of non-formicid predators on plants was found in standing 
residues within 20-30 cm of the cut end of the residue (F = 22.67, P < 0.001) (Table 1). 
Of total predators in a plants, 44% (22/49) were in residues still standing on mats, 32% 
(16/49) in prostrate residues and 24% (11/39) on living plants on mats. Overall, 76% 
(37/49) of the non-formicid predators in plant material (live or dead) were in residues. 
On mats, 58% (21.9/37.6) of non-formicid predators were on standing crop 
residues, 20% (7.4/37.6) on flowered plants, 12% in 4 to 9 month-old plants, and none 
were found in peepers, 1-3 month-old plants (Table 11). Formicidae were encountered as 
foragers or colonies. As foragers, ants were most abundant on older plants on a mat (i.e., 
flowered = 17.3 ± 2.0 and standing residues = 15.6 ± 3.4) and in prostrate residues (13.0 
± 1.8) (F = 4.04, P < 0.01) (Table 11). Colonies were also significantly higher among 
flowered plants and crop residues than other plant stages in plots (F = 4.09, P < 0.01). 
Predators on living plants on mats were mostly found above ground in the 
pseudostem in plants 7 months or older (Table 12). For younger plant stages, most 
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predators, usually ants, were in corms below the ground. Because pseudostems were cut 
at ground levels in this study, I was not able to establish the predatory complex that might 
exist in rhizomes of prostrate residues. 
Our data show that the distribution of individual predatory groups in the non- 
formicidae also varied among the different plant components of the plot. For example, 
Dermaptera, staphylinids, and hydrophilids were highest in number in residues compared 
to living plants (P < 0.001) while Histerids were not differences among plant stages (P > 
0.84) (Table 13). Dermaptera were also the dominant group in older plants among living 
plants on mats, while histerids and hydrophilids were mostly absent from plants on mats 
except for standing residues (Table 13). 
Visual inspection of the soil surface (Table 14a) and 150 cm3 of soil excavated 
within a 150 cm radius of the mat’s base (Table 4b) showed that ants (as foragers) were 
the only common predator group in soil samples. Except for a few Dermaptera and 
staphylinids, non-formicid groups were absent on the soil surface and in the soil around 
mats (Table 14a and b). 
Abundance and Distribution of Predators on Farmers’ Fields 
As in the station trial, in farmers’ fields residues also were the sample unit with the 
highest number of predators (F = 8.31, P < 0.01) (Table 15). Residues had 95% 
(11.9/12.5) of all predators in plant material. The numbers of predators in live plants in 
farms were only 5% of predator numbers in residues (Table 15). Residues also had the 
highest number of ant colonies (F = 7.84, P < 0.01) but the most number of foragers was 
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found on flowered plants (F = 4.41, P < 0.01). Non- formicidae predators found on mats 
on farms were either Dermaptera, staphylinids or ants (Table 16a). Histerids and 
hydrophilids were absent (Table 16a). The soil around mats had small numbers of 
Dermaptera and staphylinids and recorded more ant foragers than other insect groups, 
however like mats, it lacked any histerids or hydrophyilids (Table 16b). 
Determination of Sample Unit for Banana Weevil Predators 
To determine which sampling unit would be most appropriate for sampling 
predators in banana plantations, I standardized data collected from the KARI station 
plantation and farmers’ fields by estimating number of predators from each method as the 
number per m2 and per plot. I found that prostrate residues, followed by standing live 
residues, had the highest numbers per m of total predators, individual predator groups 
(Dermaptera, Staphylinidae, Histeridae, and Hydrophilidae), and ant colonies (Table 17a) 
in the station trial. Each m,2 of standing residue on a mat had 3-fold more total 
predators, 1.2-fold more Dermaptera, 25-fold more staphylinids, 15-fold more 
hydrophilids and 2-fold more ant colonies than the other living plants on the mat (Table 
17a). Among residues, prostrate residues had 38% more total predators, 63% more 
Dermaptera, 12% more staphylinids, and 47% more hydrophilids per m than did 
standing residues. The highest number of ants (as foragers) was in the soil (Table 17a). 
In farmers’ fields, the abundance of non-formicidae predators as number per m2 
were higher in residues than in living plants on mats by 35-fold (Table 17b). Ant colony 
numbers were also higher in residues than in mats although the highest number of 
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foragers per m was on mats (Table 17b). Predator numbers per m2 of residues were 
several hundred of times greater than numbers per m2 in soil. 
Discussion 
Banana weevil predators were most abundant in residues, intermediate in plants 
on mats, and least abundant in the soil, except for ant foragers. No other studies have 
looked at predator distribution in banana plantations in detail, although observations from 
Southeast Asia (Waterhouse 1998, Hasyim and Gold 1999) and my work in Indonesia in 
Chapter 1, support my findings in this study that predators are more abundant in residues 
that other possible niches in banana plantations. 
High predator abundance in residues may be due to increased insect attraction, 
since according to work by Budenberg et al. (1993) bananas release substances as they 
decompose that attract insects to them. It may also be explained by reduced plant 
defenses; after harvest, plant antibiotic defenses break down resulting in increased ability 
for herbivorous to colonize plants. This has been observed to be true for the banana 
weevil which thrives best on residues of banana cultivars otherwise considered to be 
resistant to attack (Gold and Bagabe 1997, Abera et al. 2000, Kiggundu 2000). High 
numbers of predators in residues may also be attributed to higher resource concentration 
relative to other possible predator niches in the plot. In banana plots, residues represent 
areas of high humidity protecting predators from low environmental humidity, for 
example, as has been observed for banana weevil adults (Froggat 1925, Roth and Willis 
1963, Viswanath 1976, Gold 1998), hydrophilids desiccate at low humidity 
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(Koppenhoffer et al. 1995). Residues also represent increased herbivore activity 
therefore; it is not surprising that those predacious insects whose larvae and adults need 
eggs and immatures of other insects to survive are most abundant in residues. 
I demonstrated that predators on live plants on mats (excluding standing residues) 
were several times lower in farmers’ fields in Ntungamo district than on plants in the 
plantation at KARI Station (Tables 11 and 14). Farmers remove loose leaf sheaths from 
the base of live plants (a practice known as detrashing) to eliminate shelter, hiding places 
and oviposition sites for banana weevils (Ostimark 1974, Greathead 1986, Sponagel et al. 
1995, Seshu Reddy et al,1998, Ssenyonga et al. 1999). This practice also denies 
predators breeding and hiding places on mats and leads to reduced predator number on 
live plants. 
This study demonstrated that per m, pseudostem residues had the highest number 
of non-formicid predators and ant colonies, followed by mats, and then the soil around 
mats (Table 17a). Previous work by Koppenhoffer (1993b) and my observations from the 
field suggest that rhizomes residues may sustain high predatory activity and for longer 
periods than pseudostems. I did not assess rhizome residues in this study because I found 
none in both trials. It is common practice in Uganda for growers to cut bananas at the 
base of the pseudostem, leaving the rhizome in the ground to provide anchorage and 
nutrition to growing plants (Peasley and Treverrow 1986, INIBAP 1988, Treverrow and 
Bedding 1993, Wortmann et al. 1994, Sponagel et al. 1995). Also some farmers feel 
rhizome removal is too expensive (Gold et al. 1999a). Nonetheless, rhizomes are not 
likely to be a realistic sampling unit, since their availability would be inconsistent across 
farms. 
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Mats were second to pseudostem residues in number of Dermaptera and forager 
ants per m2 (Table 17a). Sampling live plants on mats for predator assessment has four 
potential problems: (1) some predators such as staphylinids and hydrophilids may be 
underestimated, while histerids may not be detected at all; (2) only egg predators are 
likely to be found on live plants on mats (Koppenhoffer 1993a, 1994), (3) assessing 
detrashed plants might result in erroneously concluding that predators were low or absent; 
and (4) the live plants on a mat as a sampling unit would either be expensive or 
unacceptable to farmers since assessment of predators requires destructive sampling. 
I found few predators per unit area of soil around the mat, suggesting that either 
predators stay away from the soil surface or that the method I used was not effective in 
capturing arthropods in or on soil. Soil samples scooped from the mat area may have 
overestimated ant presence (Table 17a and 17b). More realistic, although relative, 
measures of ant abundance can be obtained by using pitfall traps or food baits 
(Southwood 1978). 
In conclusion, these data demonstrate that banana weevil predators are most 
abundant in residues, which are also the most favorable site for weevil activity. We have 
also demonstrated that residues are the most appropriate sampling unit for banana weevil 
predators because residues (1) had representative populations of all predators groups, (2) 
had the highest number of predators per unit area, (3) are readily available and easy to 
quantify in the field, and (4) are the most important breeding site of the banana weevil 
adult (Abera et al. 1999, Gold et al. 2001, Masanza 2003). Destructive sampling of 
predators in residues provide absolute estimates and, with trained personnel, it is possible 
to accurately estimate densities of key predatory groups in banana plantations by 
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sampling 20-30 cm off the exposed end of standing residues or the exposed ends of 
prostrate residues alone. I recommend use of this as the sampling unit of banana weevil 
predators. 
Table 11: Occurrence of Predators in Banana Plants of Different Growth Stages in a Trial 
at Kawanda Agricultural Research Institute (KARI), 2001 
Plant Stage 
Non-formicidae 
(Mean ± SE) 
Formicidae (Mean ± SE) 
Total Predators Foragers Colonies 
Peepers (1-3 months) 0.0 ± O.Od 0.1 ± 2.3b 0 ± 0 c 
Maiden sucker (4-6 months) 3.0 ± 3.5cd 0.0 ± 0b 0 ± 0 c 
Preflower (7-9 months) 1.4 ± 2.4c 1.9 ± 2.6ab 0.02 ± 0.1c 
Flowered (> 9 months) 7.4 ± 2.8c 17.3 ± 2.0a 0.2 ± 0.1b 
Standing, live residues (on mat) 21.9 ± 3.2a 15.6 ± 3.4a 0.6± 0.1a 
Prostrate, post harvest residues 15.7 ± 2.1b 13.0 ± 1.8a 0.4 +0.1b 
F values 22.67*** 4.04** 4.09** 
**, ** treatments are significantly different at P < 0.01, P < 0.001 
Means in the same column followed by the same letter are not significantly different at P 
< 0.05 according to least significant differences tests 
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Table 12. Distribution of Non-formicid Predators between Corm and Pseudostem 
Plant Stage Percent predators in plant part 
Corm Pseudostem 
Peepers (1-3 months) 100% 0% 
Maiden sucker (4-6 months) 89% 11% 
Preflower (7-9 months) 29% 71% 
Flowered (>9 months) 17% 83% 
Standing, live residues (on mat) 17% 83% 
Prostate, post harvest residues a 100% 
a Post harvest, prostrate residues consisted only of pseudostems with no 
attached corm 
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Table 13. Numbers of Non-formicidae Predators by Group among Live Plants of Various 
Stages on Mats and in Prostrate Residues 
Plant Stage 
Non-Formicidae Predators (Mean ± SE) 
Demaptera Staphylinidae Histeridae Hydrophylidae 
Peepers (1-3 months) 0 ± 0 e 0 ± 0b 0 ± 0 a 0 ± 0 c 
Maiden sucker (4-6 months) 3.0 ± 0.9d 0.0 ± 0b 0 ± 0 a 0 ± 0 c 
Preflower (6-9 months) 1.1 ± 0.7cd 0.25 ± 1.2b 0 ± 0 a 0 ± 0c 
Flowered (>9 months) 6.9 ± 0.7c 0.31 ± 1.2b 0 ±0 a 0 ± 0c 
Standing, live residues 11.3 ± 1.2a 8.2 ± 1.9a 0.1 ± 0.04a 1.5 ± 0.4a 
(on mat) 
Prostate, post harvest residues 6.9 ± 0.6b 7.3 ± 1.1a 0.1 ± 0.02a 2.2 ± 0.2b 
F value3 11.76*** 3.55** 0.84ns 8.37** 
ns = Treatment means are not significant difference in these columns at P < 0.05, 
**, *** Treatments are significantly different at P < 0.01; P < 0.001 
Means in the same column followed by the same letter are not significantly different at P 
< 0.05 according to least significant differences tests. 
58 
Table 14. Numbers of Predators by Group in a Banana Plantation (Mean ± SE) in or on 
Soil around the Mat 
A) On the soil surface within 150 cm of the mat 
Distance 
from mat 
(cm) 
No. Non-formicidae predators per sample area No. Formicidae 
Demaptera 
f 
Staphylinidae Histeridae Hydrophylidae Foragers Colonies 
0-50 0.1+0.03 0.1 ± 0.02a 0 ± 0 0 ± 0 1.1 ± 0.7a 0.1 ±0.1a 
50-100 0.1 ±0.03 0.02 ± 0.02a 0 ± 0 0±0 1.5 ± 0.6a 0.1 ±0.1a 
100-150 0.1 ±0.03 0 ± 0a 0 ± 0 0 ± 0 2.8 ± 0.7a 0.2 ±0.1 a 
F value 0.26 ns 1.79 ns b b 1.02 ns 1.35 ns 
B) In soil dug from within 150 cm of the mat. 
Distance No. Non-formicidae predators No. Formicidae 
from mat Demaptera Staphylinidae Histeridae Hydrophylidae Foragers Colonies 
(cm) 
0-50 0 ± 0a 0.02 ± 0.01a 0±0 0±0 0.1 ± 0.1b 0 ± 0 
50-100 0.02 ± 0.02a 0 ± 0a 0 ± 0 0 ± 0 0.4 ± 0.1a 0±0 
100-150 0.03 ± 0.02a 0 ± 0a 0±0 0 ± 0 0.2 ± 0.1b 0 ± 0 
F value 1.09 ns 1.08 ns b b 5.10** b 
b F value could not be estimated. 
ns = Treatment means are not significant difference in these columns at P < 0.05, 
** Treatments are significantly different at P < 0.01 
Means in the same column followed by the same letter are not significantly different at P 
< 0.05 according to least significant differences tests. 
_ 
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Table 15: Abundance of Predators among Plants in Various Growth Stages on the Mat 
and in Residues, in Banana Farms in Ntungamo District, Uganda, 2001 (Mean ± SE). 
Plant Stage 
Formicidae (Mean ± SE) 
Non-Formicidae Foragers Colonies 
(Mean ± SE) 
Peepers (1-3 months) 0 ± 0 b 2.6 +3.9 c 0.1 ± 0.3 b 
Maiden sucker (4-6 months) 0.1 ± 2.8 b 10.4 ± 3.8 be 0.1 ±0.3 b 
Preflower (7-9 months) 0.5 ± 2.6 b 10.8 +3.4 b 0.7 ± 0.3 b 
Flowered (> 9 months) 0 ± 0 b 29.1 ±5.9 a 0 ± 0 b 
Standing, live residues (on mat) a a a 
Prostrate, post harvest residues 19.7 ±1.8 a 13.1 ± 2.4 b 1.1 ±0.2 a 
F value 8.31** 4.41** 7.84** 
a Residues of this category were found on farms 
** Treatments are significantly different at P < 0.01 
Means in the same column followed by the same letter are not significantly different at P 
< 0.05 according to least significant differences tests. 
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Table 16. Abundance of Individual Predator Groups in Farmers’ plots at the Ntungamo 
Location as Affected by Plant Stage 
A) In Plants on the Mat and in Prostrate Residues 
Plant Stage (age in Non-formicidae Predators (Mean ± SE) 
months) Demaptera Staphylinidae Histeridae Hydrophylidae 
Peepers (1-3) 0.02 ± 1.7 b 0.05 ± 0 b 0.0 ± 0 b 0.0 ±0b 
Maiden sucker (4-6) 0.3 ± 1.7 b 0 ± 0 b 0.0 ± 0 b 0.0 ± 0 b 
Preflower (7-9 ) 0.5 ± 1.6 b 0.1 ± 1.2 b 0.0 ± 0 b 0.0 ± 0 b 
Flowered (> 9) 0.0 ± 0 b 0.0 ± 0 b 0.0 ± 0 b 0.0 +0b 
Standing, live residues 
(on mat) 
a a a a 
Post harvest residues 
(Prostrate) 
8.6 ± 1.1 a 3.7 ±0.5 a 0.6 ± 0.1 a 6.8 ±0.7 a 
F value 15.61** 13.40** 6.29** 22.52** 
a Residues of this category were found on farms 
** Treatments are significantly different at P < 0.01 
Means in the same column followed by the same letter are not significantly different at P 
< 0.05 according to least significant differences tests. 
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B) Farms in the Ntungamo District (Mean ± SE Predators / m2) 
Sample Area1 All Non-formicid Ant Foragers Ant Colonies 
Plants on mat 2.3 ±4.7 226 ± 14.5 3.3 ± 1.15 
Prostrate residues 79.3 ±3.1 140 ±4.5 6.9 ±0.4 
Soil surface 0.001 ±0.2 1.82 ±2.4 1.1 ±0.1 
Standing residues were not found on farms. 
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CHAPTER 3 
THE COMPOSITION AND ABUNDANCE OF INDIGENOUS NON-FORMICID 
NATURAL ENEMIES IN BANANA FARMING SYSTEMS IN UGANDA 
Abstract 
The abundance of previously identified natural enemies of the banana weevil was 
studied in major banana zones in Uganda during one rainy and one dry season in 2001. 
Work was done in farms using four key banana management practices: pure banana 
stands mulched with banana trash, pure banana mulched with grass, banana stands 
intercropped with beans, and banana stands intercropped with coffee. My goal was to 
understand abundance of banana weevil predators in banana fields and how these 
management practices affected predator numbers found in crop residues. 
Hydrophylidae were the most abundant group, comprising 47-62% of total 
predators per residue, Dermaptera comprised 23-35%, staphylinids 2-24%, and histerids 
1-7% of total predators. Management practices affected predators by affecting level of 
residue removal at the beginning of rains. Removal of 47% of residues in banana/banana 
trash led to 35% decline in predators and 35% removal of residues from banana/bean 
intercrop to 49% decline in predators. In contrast, predators increased by 13% in 
banana/grass mulch system despite 47% residue removal. Data from this study suggest 
that residue removal practices interfered with predator abundance while mulching banana 
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with grass favored increased numbers and, of the four farming practices studied, was the 
practice most likely to enhance biological control of the banana weevil. 
Introduction 
Little information is available on the role indigenous natural enemies play in 
control of the banana weevil, Cosmopolites sordidus Germar, a major pest of bananas in 
Uganda. Natural predation is an important component of integrated pest management 
that is often overlooked because it is difficult to quantify and perceived to be unreliable. 
Koppenhofer (1993b, c, 1994) and Koppenhofer et al. (1992, 1995) demonstrated that 
some of the indigenous predators in East African highland banana attacked immatures 
stages of banana weevil in suckers, residual stumps and pseudostem residues, leading to 
reduced banana weevil numbers (Koppenhofer and Schmutter 1993, Koppenhofer 1994, 
1995) in pot experiments. However, there have been no studies on these predators in the 
field; nothing is known of their densities relative to numbers used in pots studies, or of 
their likely potential to control the banana weevil. 
In Uganda, widely recommended residue removal practices (crop sanitation) 
(Froggatt 1924, Peasley and Treverrow 1986, INIBAP 1988, Tushemereirwe et al. 2000) 
intended to suppress banana weevil may interfere with natural enemies, limiting their 
potential to affect banana weevil populations. To estimate the degree of pest control that 
might be expected from such predators, I initiated studies to determine their (predator) 
abundance in different cropping systems of East African highland banana in Uganda. I 
identified the major cropping systems used by Ugandan banana farmers as pure banana 
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with banana trash as mulch, pure banana with grass mulch, banana intercropped with an 
annual crop (beans), and banana intercropped with a perennial crop (coffee), and 
conducted surveys to measure predator density in crop residues found in each system. 
My work in chapter 2 demonstrated that over 80% of all predators were in residues, rather 
than in living plants. Consequently, I restricted sampling to examination of crop residues. 
Surveys were conducted in four major banana-growing regions of Uganda, at low, 
mid and high elevations during one dry and one wet season. I made no attempts to 
measure banana weevil levels or damage on farms because Gold et al. (1994) 
demonstrated that banana weevil pest status on farmers’ fields is influenced by many 
factors, including differences in banana clone type, ecological conditions, and forms of 
management practices, none of which were measured in this study. Predator abundance 
was instead correlated to banana weevil pest status in a separate study done under 
controlled field conditions at the Kawanda Research Station and is presented in Chapter 
4. My goal in the current study was to understand abundance of banana weevil predators 
in banana fields and how management practices, on farms, affected predator numbers in 
residues. 
Methods 
Location, Farm and Plot Selection 
Surveys were conducted in four districts within the major banana growing areas of 
Uganda. Banana production and the importance of banana weevil vary with elevation 
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(Gold et al. 1994). More than 90% of Uganda’s bananas are grown between 900 and 
1500 meters above sea level. Because banana weevil is more important at lower 
elevations and total acreage is greater, we surveyed in two locations, Iganga and Masaka, 
at 900 m. Two other locations, Mbarara at 1300 m and Ntungamo at 1500 m, represented 
banana production at mid and high elevation (Table 18). 
Within each district, an initial assessment was undertaken to identify the major 
farm management practices employed locally within banana fields. I found these to be 
(1) pure banana stands mulched with banana trash (termed banana/ banana trash), (2) pure 
banana mulched with grass brought from outside the plantation (banana/grass mulched), 
(3) banana stands intercropped with an annual (banana/bean intercrop), and (4) banana 
stands intercropped with a perennial (banana/coffee intercrop). Within each district, 
blocks of farms in areas approximately lxl km and at least 1-2 kms away from the next 
closest block were selected such that within each block there was one farm using each of 
the locally available management practices. In each district there were 3-4 such blocks. 
Because not all cropping systems were in use in each district at the same time, numbers of 
farms per district varied from 6 to 12 with 39 total farms in the survey (Table 18). 
To standardize the data collection process, I selected only banana fields that were 
at least approximately 30 x 30 m in size. For larger plantations, I identified a 30 x 30 m 
plot within which to take samples. Plots in which to take samples were positioned within 
the total plantation by random numbers and counting banana mats to identify plot comers. 
Because the same sampling plots were also used to study ant foraging activity (reported 
separately), plots were placed at least 15 m from the edge of the field and plots with ant 
hills (mounds of soil resulting from ant nesting activity) were avoided. 
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Residue Classification and Data Collection 
Predators other than ants were counted as number per residue, and then converted 
to number per hectare by reference to counts of residues per 30 x 30 m plot. All residues 
in plots were classified by position (standing or prostrate) and age (0-4 wks, 5-8 wks, 9 or 
more weeks). Age classification was done based on experience and information provided 
by the farm owner. All farms were sampled twice, once in the rainy season February to 
April and one time in the dry season (June to August) both in 2001. On both sampling 
occasions we assessed, five residues from each residue age group. Residues to be 
sampled were selected through use of random numbers to identify mats from which to 
choose a residue. Of the residues examined per farm (5 residues x 3 age classes), I 
recorded which ones were standing or prostrate where both types were available, about 
half were standing and the other prostrate. On farms where farmers had chopped residues 
to pieces, individual heaps were used as the equivalent of one pseudostem residue. 
To record predator abundance in residues, individual plant residues were dissected 
and shredded in the field and the number of each morphospecies with target predator 
group (staphylinids, hydrophylids, histerids and three families of earwigs) were recorded. 
Search methods were based on destructive sampling as per Koppenhofer (1993b) and 
Koppenhofer et al. (1992). Carabids and tenebrionids did not show any significant attack 
of banana weevil in previous work (Koppenhofer 1993b, Koppenhofer et al. 1992) and so 
were not counted in this study. Ants were often found as colonies or as foragers in 
residues and the species present and their abundance were recorded but the information 
on ants is presented separately (see chapter 5). On each farm, I counted all residues in the 
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30 x 30 m plot that had not been assessed. This number of residues per 30 x 30 m plot 
was used to determine the number of residues per hectare at each farm. 
Statistical Analyses 
Count data on predators were log transformed to normalize variance before they were 
subject to ANOVA. Data were subjected to the Proc Mixed Procedure in SAS (SAS Inc. 
1997) with altitude, management practice, season and residue age as fixed effects and 
farm nested in management as a random variable. To test the effect of management 
practice on predator abundance, data were analyzed separately for each season. Data 
were then pooled over management practices and analyzed for the impact of season and 
residue age. When analysis of variance was significant for any parameter, means were 
compared using the least significant differences test criterion (P< 0.05). Count data in 
these studies were log transformed to normalize variance before they were subject to 
ANOVA but for easy of interpretation of results untransformed data are presented in 
tables. 
Results 
Species Composition and Predator Abundance 
Nine species of banana weevil predators were collected from pseudostem residues 
(Table 19). Hydrophylids (one species) were the most abundant and widespread 
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predators, representing 47 to 62% (4.7/10.2-5.9/9.5) of the total number of individual 
predator. Dermaptera from three families, each represented by a single species, was the 
second most abundant group at, 23 to 35% (2.6/11.4-3.3/9.5) of all predators. Labiids 
represented more than 80% (2.9/33-2.2/2.6) of the earwigs in samples. Histerids were 
the least prevalent, at 1 to 7% (0.1/9.5-0.4/10.2) of all predators. Thus the most abundant 
predators were hydrophyilids, followed by dermaptera and staphylinids. Histerids were 
the least abundant with a mean density of < 1 per residue (Table 19). 
Predator counts summed by order (Dermaptera) or families (in the Coleoptera) 
were analyzed for effect of location and found that mean number of total predators per 
residue at 1300 m was not different at 1500 m, but was significantly higher (F = 9.46; P < 
0.001) than at the two locations at 900 meters above sea level (Table 19). Increased 
predator density at high elevations were due to higher numbers of staphylinids (F = 53.70, 
P <0.001) and histerids (F = 9.09, P < 0.001) compared to counts of these groups at 
900m. For example staphylinids were 8 to 14-fold and histerids 2 to 8-fold more 
abundant at 1300 m than at 900 m. 
Effect of Cropping System on Predators per Residue 
The influence of management practices on predator abundance was variable, 
depending on season and age of residues (Table 20). Individual predator groups and total 
predators per residue were more abundant in residues older than 1-4 week in the dry 
season at all management practices. In contrast, older residues recorded fewer predators 
than 1-4 week residues in the grass mulched and bean intercrop system in the wet season 
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(Table 20). I analyzed data separately to determine if residue age independently 
influenced number of predators per residue. The results showed that total predators 
(F= 10.88; P < 0.001), histerid (F = 2.81; P <0.05) and Dermaptera (F = 14.77, P < 0.001) 
were significantly higher in older than 1-4 week old residues, whereas hydrophilid (P > 
0.10) and staphylinid (P > 0.59) were not different among residues of different ages 
(Table 21). Hydrophilids and staphylinids instead showed marked variation between 
seasons (Table 22). Staphylinids were 68% (1.3/1.9) more abundant (F = 54.45, P < 
0.001) per residue in the dry than rainy season; and hydrophilids were 34% (1.5/4.4) more 
abundant (F = 9.73, P < 0.001) in the rain season than dry season. Total predators per 
residue, however, were not significantly different between seasons (F = 0.77, P > 0.38) 
(Table 22). 
When data were pooled over season and residue age to determine the independent 
effects of management practices, I found that total predators (F = 0.07, P > 0.98) and 
staphylinids (F = 0.82, P > 0.48) showed no response to management practices, 
Dermaptera (F = 2.13, P > 0.09), hydrophilid densities (F = 3.24, P < 0.02) showed 
marginal response, and histerids were 4-fold more abundant (F = 8.17, P < 0.001) at 
farms with banana trash than any other management practice (Table 23). 
Effect of Management Practice on Residue and Predator Abundance per Hectare 
For different management practices, number and age of residues varied depending 
on intensity of residue removal between the dry and wet season. Because older residues 
were preferentially and more consistently removed across management systems than 1-4 
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wk old residues, predator estimates per hectare are based on residues > 5 weeks after 
harvest. Residues were significantly more abundant in the dry than wet season (F = 8.04, 
P < 0.0001), but there were no differences between management practices (F = 0.39, P > 
0.763). Approximately 30% of the residues on farms under bean intercrop and banana 
trash, and 50% of the residues on farms under grass mulch were removed between the dry 
and wet season (Table 24). Only 3% of the residues in coffee intercropped with bananas 
were removed. 
Predator abundances per hectare were estimated by multiplying the number of 
predators per residue with the estimated number of residues per hectare (derived from 
mean residues per plot). Predator levels were affected by season (F = 10.94, P < 0.007) 
but no differences were observed among management practices (F = 0.87, P > 0.467). 
Corresponding to levels of residue removal, predator abundance declined in the 
bean intercrop system by 49% and banana trash mulch by 35%. In contrast, 43% decline 
in predators in coffee intercrop system and 13 % increase in grass-mulched system were 
out of proportion with levels of residue removal in these management practices (Table 
24). 
Discussion 
I found eleven species of predators from three families of order Dermaptera (i.e., 
Lubiidae, Chelisocholidae, Forficulidae) and three families of order Coleoptera 
(Staphylinidae, Hydrophlilidae, and Histeridae) (Table 19). Dermaptera, staphylinds and 
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hydrophylids were the most common predators and therefore likely to be the most 
significant to biological control (Van Driesche and Belllows 1996). 
Predators were highest in residues over 4 weeks old in the dry season (Table 20). 
Older residues had higher moisture levels relative to the surrounding habitat as they 
decomposed and therefore likely offered refuges in the dry season to insects that are 
sensitive to moisture. In his habitat preference experiments, Koppenhofer et al. (1994) 
found that adult hydrophilids thrived better in older pseudostem residues and attributed 
this to the need for high humidity for this species. In contrast, staphylinids in our study 
were more abundant in the dry season. Adult staphylinids need large pseudostem 
residues to breed and complete development (Koppenhofer 1994); these accumulate in the 
dry season and their removal in the rainy season may be detrimental to staphylinid 
survival. In addition, staphylinids are highly cannibalistic (Koppenhofer (1994). 
Overall, differences between residue ages, seasons, and management practices 
showed few clear patterns or were in conflict with previous studies. For example, 
hydrophilids and staphylinids showed no residue age preference (Table 22), although 
earlier findings by Koppenhofer (1994) and my work in Chapter 1 suggested that both 
groups preferred older residues. I attribute the lack of clear trends in this study to 
management practices that resulted in fluctuations of residue number between the dry and 
rainy seasons. 
In this study, I found that many farmers removed residues between the dry and 
rainy seasons. Although residue removal is prescribed for weevil control. Gold et al. 
(2001) have suggested that residues may also be removed for agronomic purposes. For 
example, farmers with limited access to land intercropped banana with beans (Gold et al. 
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1993). These farmers periodically removed 90% of prostrate residues (equivalent to 35% 
of residues on farm) (Table 24) to plant beans, which led in our survey to 49% reduction 
in predators. In banana/coffee intercrop, bananas were grown for family consumption 
(Gold et al. 1993) and also as an intercrop in coffee plantations to provide shade for the 
coffee (Jagtap 1993). Residue removal for agronomy or pest control was rare on these 
farms. Therefore, a predator loss of 43% in the banana coffee intercrop per hectares 
(Table 24) was not expected since only 3% of the residues were removed. According to 
Kehe (1988), old coffee plants produce caffeine that is absorbed by bananas and may act 
as a deterrent to plant use by insects. 
In neither intercrop system were crop diversity exploited to divert or diminish pest 
importance to the crop as happens in some annual crop systems (Van Driesche and 
Bellows 1996). In any case, because of the limited mobility of the banana weevil, and 
availability of all requisites in banana plantations all year round, use of mixed cropping 
systems would be unlikely to reduce banana weevil pest status (Moznette 1920). 
Residue removal in pure banana stands (with trash or grass mulch) was clearly 
done for pest management purposes. Practices believed to prevent weevil damage (e.g., 
residue removal, deleafing [Froggatt 1924, 1925, Peasley and Treverrow 1986, INIBAP 
1988, Gold 1998, Ssenyonga et al. 1999]) and mulching [Jones 1986, Sponagel et al. 
1995]) were common and led to reduced predator abundance in banana/banana trash but 
not in the banana/grass mulched system (Table 7). 
Predators increased in banana/grass mulch despite a 47% residue removal rate 
(Table 7). This may have resulted from (1) increased moisture retention in the rainy 
season that prevented chopped residues from drying up compared to those in unmulched 
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plots or (2) the fact that effect of mulch lowered soil temperatures (Rukazambuga et al. 
1998) allowing better predator survival. 
In conclusion, average predator densities in residues in this study were relatively 
low, at five hydrophylids, one staphylinid, three Dermaptera, and negligible histerids per 
residue. These levels were only 18-90 % of the levels (10 to 50 individuals per residue or 
per living plant) tested by Koppenhofer (1993b, c, 1994) and Koppenhofer et al. (1992, 
1995) and found to reduce weevil eggs and larvae in cage experiments. At the levels 
detected in this study, these predators are unlikely to significantly reduce banana weevil 
densities in the field. I demonstrated that management practices used in Ugandan farms 
periodically interfere with natural enemy abundance and were most detrimental to those 
groups of predators that thrives best in old residues. For indigenous predators to affect 
banana weevil numbers, conservation through practices that facilitate natural enemy 
survival would have to be promoted. 
76 
<D 
0) 
£ 
03 
G 
<3 
G 
(3 
PQ 
<D 
-G 
C/3 
S—( 
O 
+-> 
<3 T3 
D 
S-h Oh 
H—> 
o 
(U ■i—> tD T3 
o 
o 
04 
C/3 
03 
<D 
S-h 
< 
W> 
G 
• *H 
£ 
O 
S-4 
O 
03 
G 
c3 
G 
<3 
PQ 
s-h 
O 
‘ST 
<3 X3 
G 
c3 
U> 
T3 
<D 
> 
i— 
3 
00 
oo 
G 
O 
• »-H 
4~» 
<3 
O 
o 
.J 
do 
r—H 
jo 
3 
(3 
H 
a 
<l> 
4—4 
o^ 
>> 
co 
bX) 
C 
• *”H 
O, 
Oh 
o 
Vh 
o 
T3 
<U 
> 
'—< 
3 
00 
CO 
a 
g 
Pc 
6 
£ 
<D 
f<D 
4h 
'-t—i 
O 
U 
Oh 
o 
S-H 
o 
Vh 
a) 
G 
<3 
D 
PQ 
-G 
Q 
*3 
a 
c/3 
C/2 
a 
S-l 
o 
-G c/3 
<3 
S-h 
H—> 
c3 
G 
3 
G 
3 
PQ 
G 
O 
CO 
3 
G3 
o 
S-H 
Oh 
Oh 
O 
S-H 
o 
G 
O 
• r—4 4—* 
03 
> 
JO 
W 
T3 
G 
3 
(O 
T3 
3 
3 
-I 
Oh 
o 
S-H 
CO 
S-H 
00 
H—» 
►a 
o3 
-G 
lo 
• r-4 
II 
(O 
> 
to 
c/3 
3 
a 
00 
T3 
3 
•4—4 
* r—4 
W) 
G 
O 
hQ 
04 
04 
04 
£ 
Q 
-G 
b£> 
• H 
E 
CO On 
m On 
00 
CO CO 
-G 00 
E 
-G 00 
• t-H 
E 
0
0
6
 
0
0
6
 
o 
o 
CO 
O 
O 
m 
w z, w oo W 00 W 
oo CO 04 CO CO CO NO CO CO 04 04 »—1 vq 
o 
CO 
CO 
o 
o 
o 
r—H 
O 
o 
o 
O 
o 
o 
o 
O 
CO CO CO 
CO 
do 
GO 
o 
o 
O 
•4—* 
O 3 
OX) 
3 
c3 
<3 
£ 
S-H 
a 
3 
GO 
4—4 c 03 3 G 13 oo 3 3 rG 3 4—4 
s bit t—H ■4—4 z o H 
77 
l=
 
C
ro
pp
in
g 
sy
st
em
 
n
o
t 
a
v
a
ila
bl
e 
in
 
th
e 
su
rv
e
y 
lo
ca
tio
n 
T
ab
le
 
19
: 
A
bu
nd
an
ce
 
o
f F
am
ili
es
 
a
n
d 
M
or
ph
os
pe
ci
es
 
o
f B
an
an
a 
W
ee
vi
l 
P
re
da
to
rs
 
(a
s N
um
be
r 
pe
r 
R
es
id
ue
) w
ith
in
 
D
if
fe
re
nt
 
A
lti
tu
di
na
l 
B
an
an
a 
P
ro
du
ct
io
n 
Z
on
es
 
in
 
U
ga
nd
a.
 
CM h-H T—< 
G 
CM 
CP 
O CM 
CM 
O 
o 
G 
CM r—H 
CM O G 
X 
G 
p- 
d d d o d d +i o o o d d 
+1 +1 +l +l +1 +1 CO +1 +1 +l +l +1 
ON CM CO o p- H—1 p- 
CM d d cb d r-H d r—H o d d A 
G 
% 
C/D 
G 
O O On 
CO X G G G CM o i—i CO CM CO CO CM CM CO 
d d d o d d d d d o 
+l +l +l +i +i +l +1 +1 +1 +1 
CM CO of- X oo ON oo oo 
CM* d d CM d rX O CM d o d wb 
CM X o 
CO 
o 
X CM CO o , X i—i CO o 
X CO 
o 
X CO 
d d d d d d o d o d 
+1 +l +l +l +l +l +l +1 +1 +l 
CM CO i-H X CM X CM CM wo 
cm’ d d CM d o o o d o d A 
X 
G 
X 
o 
+1 
CM 
O 
g 
VO 
O 
+1 
o 
wo 
o 
+1 
oo 
u 
G 
bD 
G 
G bD 
O O 
ON 
Ph 
os 
o lH 
bX) 
X 
p 00 
(N 
d 
+l 
av 
CM* 
O 
+1 
co 
d 
Ph 
C/D 
P 
* G 
Ph X oo X 
O X 
o 
o 
C/D 
P 
G 
X 
G X 
X o 
CO 03 
O co 
d o 
+l +l 
i-H CO 
d cb 
P 
03 X 
• t-H 
bo 
o 
'X 
in 
o 
Ph 
0) 
p X 
* i-H CO 
P 
G 
03 
P 
• H § 
c3 
IX 
CM CM 
o 
X G 
o O O t < r-H X 
o o o o o o 
+1 +1 +1 +l +1 +1 
T—1 r-H CM r-H H—1 ON 
d o o d d o d wb 
P P 
P P 
X X 
C/D C/D 
P P 
Ph P3 
"g G 
G G 
P P 
CM CO S d. CM S 
c/D C/D c/l </] C/D C/D 
P .P _P *H _P r < _P 
• H 
o O o 
• »H (H <L> * ^ *o • »”H 
a 
*P 
p P p G <x> P P 
Ph Ph Ph G • r-H Ph G Ph 
00 OO 00 X 00 (X 00 
X 
r- 
o 
+l 
wo 
ON 
P 
P 
X 
• t-H 
CO 
CD 
§ 
P 
P, 
P 
o 
Oh 
a 
03 
-t—> l-i 
P 
Ph 
03 
s 
P 
Q 
p 
G 
X 
• H 
P 
• ’H 
X 
Ph 
c3 
H—> 00 
P 
03 
X 
• iH 
S-H 
<D 
» 
co 
ffi < 
WO 
o 
d 
v 
03 
C/D 
P 
G 
O 
N 
G 
G iH 
X 
P 
C3 
C/D 
C/D 
o 
i-H 
o 
G 
H—> 
G (0 
i-H 
. P 4-< 4-i 
• r-H Q 
>> 
• H M—> G 
G 
O 
G 
bD 
• r-H 
C/D 
H—> 
o 
G 
P 
13 
l-H 
p 
H—> H—> 
u 
p 
G 
C/D 
>> 
X 
X 
p 
£ 
o 
Ph 
P 
o 
i-H 
bD 
X 
o 
G 
p 
i-H 
£ 
c/d 
G 
G 
P 
78 
L. 
a
c
c
o
rd
in
g 
to
 
th
e 
le
as
t 
s
ig
ni
fi
ca
nt
 
di
ff
er
en
ce
s 
te
st
s 
o 
o 
<N 
c3 
T3 
G 
a 
bO 
P 
03 
g 
C3 
g 
c3 
PP 
G 
• rH 
0) 
G 
• i-H 00 
<D 
P4 
S-h 
<D 
Ph 
C/3 
c3 
T3 
<U 
5-h 
Cm 
<4-i 
O 
5-4 
<D 
G 
z 
G 
O 
(D 
bO 
c3 
<U 
G 
T3 
• rH 
00 
<u 
P4 
G 
c3 
G 
O 
cz> 
c3 
<D 
00 
<H-t 
o 
•4—> 
o 
,o 
& 
W 
o 
04 
JD 
3 
C3 
H 
C/3 
<u 
> Vh 
a 
-G 
<o 
o 
G 
• rH 
oo 
C/D 
a> 
bfi 
C3 
<D 
G 
nd 
• i-H OO 
<D 
P4 
IN 
.P 
T3 
<D 
Ph 
G 
O 
5-i 
o 
N 
<u 
G 
T3 
CO 
<D 
P^ 
s-. 
<D 
P, 
oo 
5—4 
o 
4— > 
c3 
T3 
<L> 
5- 4 
Ph 
<D 
c3 
G) 
• r-H 
3 
Ph 
o 
5-i 
T3 
N 
K 
0) 
c3 
G5 
N 
-G 
CO 
c3 
-i—» 
00 
<N 
i 
50 
G- 
< 
<N 
i—H 
I 
io 
H- 
■ 
G 
O 
C/3 
c3 
<D 
00 
Q 
oo Ov oo ON Ov T 
d d d o d i ■ < ON 
+1 +l -H +l +1 r-H d +1 
O o p VO CO +! +l CO 
o 1—4 r—H 00 ^4 p r—H 
t—H t—H oo oo' 1 ' 
ON NO oo co 50 p p 
p 
d 1—1 r ■ i 1—4 r1 1 < +| 
+1 +1 +1 +1 +1 +1 +1 ON 
p p NO oo r 4 00 p d ON oo NO id OO IN NO 
•O VO VO VO N NO t— 
o d d o d d d d 
+1 +1 +l +1 +1 +l +1 +l i 1 NO r- no r-~ *o 50 <N 
d H" id CO <d id id IN 
VO O r-H ON CTv oo ON O 
d 1—4 —4 o d d d -4 
+1 +1 +1 +1 +1 +1 +l +1 
ON N" ON CO 4—1 o o O 
H" CO CO <N id id ON ON 
CO CO co co CO N CO N 
d o d d d d d d 
+1 +l +1 +1 +l +1 +l +1 
p oo p r- NO G 50 
1 oi <n 1-1 d d d d 
co m VO 50 UO N" 50 NO 
d d d d d d d d 
+l +l +l +1 +l +l +1 +1 
»o oo On r“H VO G <N p 
i“H <N d T“H o d d r-H 
CO N' CO N" 50 g 50 
d d o o d d d d 
+l +1 +i +i +i +i +i +i 
00 ON ON CO 50 O) CO p 
CO CO CN CO CO 1 CN cd 
N VO in «o NO 50 NO NO 
d d d o d d d o 
+1 +1 +i +1 +1 +l +1 +1 
p p p CN 50 CO «o p 
oi pi T—H oi <N CN r-H d 
Oh Ph 
Ph O Vh Ph O Vh 
hG O 5-4 o *-4 iG G -G 
O 5-i o 
-G 
o o <D O o O o d> O 
' i 5-i 4—> C/3 wmm ^ 5-4 4—» r—H G 
S 
d> 4—4 
3 
3 
d> i 
c3 
d> 
C/D 
G 
s 
<D H—* 
3 
3 
<D 
G 
a 
X5 
oo 
c$ 
G td> p11 
c/3 C/) X5 cn G .o J+-H 
C/3 
C/3 
c3 C|—| c3 c3 0—4 C3 
d) O 5-4 4 J (D Vh <D o 5-4 
H PP u o H PP U o 
79 
Table 21. Effect of Residue Age on the Abundance of Banana Weevil Predatory Groups 
in Residues of Bananas (Mean/Residue) 
Predator Group 
Residue Age 
1-4 wks 5-12 wks 
Dermaptera 2.3 ± 0.2b 3.2 ± 0.1a 
Staphylinidae 1.1 ± 0.2a 1.4 ± 0.1a 
Histeridae 0.2 ± 0.1b 0.4 ± 0.1a 
Hydrophylidae 4,8 ± 0.3a 5.1 ± 0.2 a 
Overall Mean/Residue 8.4 ± 0.5b 10.1 ± 0.3a 
Means for each group followed by same letter are not significantly 
different among recently harvested (1-4 wks) and older (5-12 wks) 
residues at P < 0.05 according to the least significance differences tests. 
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Table 22: Comparative Abundance of Banana Weevil Predators in Uganda during the 
Dry and Wet Seasons of 2001. 
Subgroup Predators per Residue (Mean ± SE) 
Dry Wet 
Dermaptera 3.1 ± 0.2a 2.7 ± 0.2a 
Staphylinidae 1.9 ± 0.2a 0.6 ± 0.1b 
Histeridae 0.4 ± 0.1a 0.4 ± 0.1a 
Hydrophylidae 4.4 ± 0.2b 5.9 ± 0.3a 
All Predators 9.6 ± 0.3a 
s' 
9.5 ± 0.4a 
Means for each group followed by same letter are not significantly 
different between the dry and wet seasons at P < 0.05 according to the least 
significant differences tests. 
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Table 23: Effect of Cropping System on Predator Abundance in Residues in Major 
Banana Cropping Systems in Uganda 
Number of Predators per Residue (Mean ± SE) 
Cropping System Dermapter 
a 
Staphylinidae Histeridae Hydrophylida 
e 
Total 
Predators 
Banana/ 
Trash mulch 
3.2 ± 0.2a 1.1 ± 0.2a 0.8 ± 0.1a 4.9 ± 0.3b 9.8 ± 0.5a 
Banana/ 
Bean intercrop 
2.8 ± 0.2b 1.7 ± 0.2a 0.2 ± 0.1b 4.8 ± 0.4b 9.4 ± 0.6a 
Banana/ 
Coffee intercrop 
2.4 ± 0.2c 1.3 ± 0.2a 0.2 ± 0.1b 5.4 ± 0.3a 9.3 ± 0.5a 
Banana/ 
Grass mulch 
3.4 ± 0.2a 0.9 ± 0.2a 0.2 ± 0.1b 5.5 ± 0.4a 9.6 ± 0.9a 
Means in a column followed by the same letters are not significantly different among 
cropping systems at P < 0.05 according to least significant differences tests. 
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Table 24: Effect of Management Practices on Seasonal Abundance of Banana Residues 
and Predators per Hectare 5-12 Weeks after Harvest 
Management Residues per hectare Predators per hectare 
practice Dry Wet Percent 
Change a 
Dry Wet Percent 
Change a 
Banana/ 
Bean intercrop 
187 ±80 121 ±80 -35 2066 ± 795 1060 ± 800 -49 
Banana/ 
Coffee intercrop 
282 ± 76 275 ± 77 -3 3337 ± 956 1897 ±956 -43 
Banana/ 
Trash mulch 
332 ± 64 232 ± 68 -30 3251 ±795 2114 ±865 -35 
Banana/ 
Grass mulch 
352 ±81 187 ±81 -47 2843 ± 956 3221 ±956 +13 
a Negative sign in columns indicates a decrease, and a positive sign an increase in 
residues or predators between season 
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CHAPTER 4 
THE IMPACT OF CROP RESIDUE REMOVAL ON THE ABUNDANCE AND 
EFFICACY OF NATURAL ENEMIES OF THE BANANA WEEVIL IN UGANDA 
Abstract 
Indigenous predators of the banana weevil, Cosmopolites sordidus (Germar) 
(Coleoptera:Curculionidae), have been reported in a number of banana growing areas; 
however, their effectiveness may been hampered in some cases, by management practices 
that are unfavorable for natural enemy activity. In this paper I report studies conducted in 
Uganda to determine how crop management practices affect natural enemy abundance 
and their efficacy as biological control agents. Field experiments were conducted at the 
Kawanda Agricultural Research Station to examine the effect on predators of mulching 
and different levels of crop residue removal. 
Destruction of banana plant residues by chopping to promote rapid dessication 
reduced predator abundance by 59% per residue and 77% per hectare at high residue 
removal levels and by 28% per residue and 65% per hectare at moderate residue removal. 
Conversely, mulching with grass in plots with low residue removal increased predator 
abundance by 67% per residue and 82% per hectare. Residue removal in high sanitation 
plots reduced trap catch of adult banana weevils by 31-38% per trap and weevil 
population per hectare by 46-48% relative to other sanitation practices, but did not 
significantly reduce damage. Moreover, predator: prey ratios in residues were three times 
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higher per hectare in plots with low residue removal compared to those with high residue 
removal. 
On mats (clusters of standing banana stems from a common rhizome), residue 
removal at high sanitation reduced predator abundance by 82% and adult banana weevils 
by 47% per mat compared to low sanitation plots. However, adult banana weevil numbers 
on living plants on mats (excluding post harvest stumps) were not significantly different among 
treatments. Predator: prey ratios on mats were also three times higher in plots with low vs. 
high residue removal. In general, natural enemy abundance was favored by residue 
presence, and better predator: prey ratios in plots with low residue removal offset higher 
absolute banana weevil numbers such that lowest damage occurred in plots with low 
residue removal. 
Introduction 
Highland cooking bananas is the staple crop of the East African Great Lakes 
Region (Bujulu et al. 1983, INIBAP 1988, Gold et al. 1999b). Uganda is Africa’s leading 
producer and consumer of highland cooking bananas. In recent years, drastic yield 
declines in traditional banana growing areas have led to replacement of cooking banana 
with more resistant beer varieties or forced farmers to shift to annual crops (Gold et al. 
1999a). Banana production constraints include a complex of pest and diseases problems, 
the most important of which is the banana weevil, Cosmopolites sordidus (Germar) (Gold 
et al. 1993, 1994). The larvae bore in conns, reducing nutrient uptake and weakening the 
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stability of the plant. In extreme cases, attack causes complete loss when plants snap 
before flowering (Rukazambuga et al.1998, Gold et al. 2001). 
The banana weevil’s biology makes control difficult. The immature stages are all 
passed within the host plant, mostly in corms (Frogatt 1925, Cuille 1950, Vilardebo 1960, 
Abera 1997, Gold et al. 1998a, b, 1999b) and also in cut prostrate pseusostem residues 
(Vilardebo 1960, Gold et al. 1999b, Masanza 2003). Eggs are laid in the crown area of 
the plant close to the soil surface (Koppenhoffer 1993a, Abera 1997, Abera et al. 1999). 
After eggs hatch, larvae burrow deep into the corm and only return to the corm surface to 
pupate in chambers a few millimeters below the surface (Ittyipe 1986, Sponagel et 
al.1995). Adults are free living (Vilardebo 1960, 1973), but are attracted to freshly cut 
corms and pseudostems and are often found associated with banana mats and cut residues 
(Cuille 1950, Sumani, 1997, Gold et al. 1999b, Masanza 2003). Since the free-living 
adult is protected by a heavy cuticle, the life stages most vulnerable to attack by natural 
enemies are likely to be eggs in crowns of plants and eggs, larvae, and pupae in above¬ 
ground residues. 
Generalist natural enemies are known to attack the banana weevils in many 
countries (Froggatt 1928, Koppenhoffer 1993b, c, Koppenhoffer et al. 1992, Sponagel et 
al. 1995, Waterhouse 1998, Gold et al. 2001). In Kenya, Koppenhoffer (1993b, c) and 
Koppenhoffer et al. (1992, 1995) found predators of the banana weevil on mats, in the 
crown area of plants, and in residues. Adults and immatures of predators found in 
residues in the field, fed on banana weevil immatures in residues and in plants in cage 
experiments (Koppenhoffer 1993b, c, Koppenhoffer et al. 1992, 1995). Some of these 
predators demonstrated potential to reduce weevil population growth under experimental 
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conditions. A major gap in Koppenhoffer’s work was his failure to relate predator 
densities used in his cage experiments to the field potential of the predators since their 
field densities were not determined. My work in Chapter 3 suggested that field densities 
of banana weevil predators are low, especially if crop residues are removed. However, 
further information on densities of these natural enemies and their ability to affect banana 
weevil density or damage in crops is needed. 
Because the banana weevil is a sedentary species with a low population growth 
rate, even low levels of predation might delay the development of economically harmful 
pest densities. Studies in Uganda have shown that banana weevil population growth in 
the field is slower than predicted by oviposition rates (Gold et al. 2001), suggesting 
possible effects of natural enemies. Also, surveys in Indonesia, where the banana weevil 
is not a pest, suggest that in that location generalist predators that attack the weevil in 
residues play a significant role in lowering banana weevil population densities (Hasyim 
and Gold 1999, Abera et al. in press). 
Collectively, these observations suggest that the banana weevil maybe limited by 
predators if farming conditions are favourable to natural enemies. However, according to 
Neuenschwander (1988), the potential impact of indigenous predators of banana weevil in 
Africa may be suppressed by pesticide use or interference from cultural controls. Many 
Ugandan banana farmers remove residues (sections of pseudostems from harvested 
plants) in an attempt to limit refuge sites, food, and oviposition sites available to the 
banana weevil (Abera 1997, Gold 1999b, Masanza 2003). Removal of crop residues in 
farmers’ fields does suppress numbers of banana weevil natural enemies (Abera et al. 
inpress) on farmers’ plots. This suggests that crop residue removal, intended to control 
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the banana weevil, may interfere with the pest control potential of generalist predators. 
Conservation of indigenous banana weevil natural enemies, in Uganda, is important 
because it requires few inputs and little labor, and thus is possible for use by resource - 
poor banana farmers. Except for my work in Chapter 3, no previous studies have 
specifically examined the link between crop residue abundance and predator: pest ratios 
in bananas in Africa. The objective of this study was to measure the effects of removal of 
crop residues after harvest on natural enemy and banana weevil density and on the 
resulting predator: prey ratios and plant damage. 
Methods 
Site Description 
This study was conducted in 2001-2002 at the Kawanda Agricultural Research 
Institute (KARI) (0°25’N, 32°32’E), located 13 km north of Kampala in Uganda. 
Kawanda is at 1130 meters above sea level and has two rainy seasons (March-May and 
Sept-Nov.) as well as one short (Jan-Feb) and one long (June-August) dry season. 
Annual rainfall is approximately 1190 mm and average daily temperature ranges between 
16 and 29°C. 
Work was done in two adjacent, pre-existing banana plantations (referred to 
below as the first and second plantations). The impact of the number of crop residues per 
hectare on natural enemy abundance was studied in both plantations. Because the history 
of banana weevil infestation in the second plantation was not known and unlikely to be 
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comparable to that in treatments in the first plantation, we used it only for predator 
observation and restricted studies of adult weevil populations and damage to the first 
plantation, where known numbers of weevils had been released. 
The first plantation consisted of four blocks, in each of which there were three 
plots, each with one of three levels of residue removal and no mulching. Each plot was 
800-900 m2 in area and contained 105 to 140 mats with 3 x 2.5 m spacing. Grass alleys 
of 11 x 15 m separated blocks and plots within blocks to minimize banana weevil 
movement (Gold 1998a). The second plantation consisted of four plots, all with a low 
level of residue removal and the addition of grass mulch. Each plot contained 120 mats, 
spaced at 2 x 2.5 m. Plots were separated by two rows of banana mats, equivalent to 4 to 
5 m spacing. 
The first banana plantation was established in 1999, using cultivars of East 
African Highland banana, a variety considered susceptible to weevil damage (Kiggundu 
2000). At planting, pre-existing banana weevil damage in planting material was removed 
by paring suckers and dipping them in a solution of chloropyriphos (30 ml/150 1 water) 
for one hour before planting. At the time of our study, this plantation was three years old 
and had received frequent weeding, desuckering and deleafing, but no mulch. Plots were 
artificially infested with banana weevils six months after planting at a rate of 10 male and 
10 female weevils per mat. In Uganda, this rate is considered to be a moderate infestation 
level (Gold et al. 1993, 1994). 
The second plantation was also established in 1999, also using varieties of East 
African highland banana considered susceptible to banana weevil. No banana weevils 
were introduced, but weevils were present as a result of natural increase from the initial 
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infestation and migration from neighboring banana stands (Gold et al. 2002). Plots were 
mulched with a 5 cm layer of grass six months before our study. Trash and old leaves on 
banana plants were removed frequently. 
Treatments and Experimental Design 
There were four treatments: (1) low sanitation (high level of residues), (2) 
moderate sanitation (moderate level of residues), (3) high sanitation (low level of 
residues), and (4) low sanitation plus mulch. Each treatment was replicated four times. 
Treatments 1-3 were arranged as one replicate per block in the first plantation but 
treatment 4 was present in the second plantation replicated in four separate plots. Low, 
moderate, and high sanitation refers to the degree to which banana pseudostem residues 
were eliminated following harvest as a cultural practice to suppress banana weevil by 
eliminating its breeding sites. In the low sanitation treatment, harvested pseudostems 
were merely cut into halves at 1 meter above the ground, with the stump left standing and 
the top section left intact lying on the ground. The pseudostem pieces left on the ground 
were neither split nor chopped, and these residues were allowed to accumulate in number 
as banana bunches were harvested. In the moderate sanitation treatment, harvested 
pseudostems were cut in half as in the low sanitation treatment, but the pseudostems 
placed on the ground were chopped into small pieces so that they would dry up quickly 
and thus be unsuitable for banana weevil reproduction. Stumps were untouched, thus 
ensuring that the number of intact residues in this treatment was half that in the low 
sanitation treatment. In the high sanitation treatment, all harvested pseudostems were cut 
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at ground level and chopped to pieces so that no harvested pseudostems were allowed to 
remain in plots. Plots of all three treatments were weeded monthly. In the fourth 
treatment (low sanitation plus mulch), harvested pseudostems were cut at the ground 
level and either left whole or split once lengthwise and placed over the mulch split face 
down. As in the low sanitation treatment, residues were allowed to accumulate as 
bananas were harvested and the presence of mulch caused residues to remain fresh longer 
than occurred in the other three treatments. 
Banana Weevil Predator Monitoring 
We searched in residues for those groups of natural enemies previously identified 
by Koppenhoffer (1993b) and Koppenhoffer et al. (1992) in western Kenya as potential 
banana weevil predators. These included several families of Dermaptera and three of 
Coleoptera (histerids, staphylinids, and hydrophylids). In each plot, standing and 
prostrate residues were cut and shredded into small pieces, visually searching for 
predators during this process. For piles of chopped residues, each separate pile was 
considered as one residue and examined entirely. During these activities, all predators in 
the target groups were counted and the number of each visually distinct species within 
each family recorded. Samples of all natural enemies (each morphospecies used in field 
counts) were saved in alcohol for later identification. Predators per residue were counted 
in 15 residues for each of the four plots of each of the four treatments every two months 
for one year. The approximate age of each residue sampled from the time of harvest was 
estimated and recorded. On each sampling date, I recorded the number of residues 
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present in each plot in each residue age category (1-4, 5-8, 9-12 weeks since harvest). 
Combining data on predators per residue and residues per plot allowed me to estimate 
average natural enemy densities per species per plot and per hectare. 
Banana Weevil Adult Population Monitoring 
Banana weevil adult density was estimated by mark and recapture methods, using 
weevil captures in pseudostem traps. On a monthly basis from February 2001 to 
September, 2002, one piece of split pseudostem (30 cm) was placed face down on each 
banana mat in the trial (Mitchell 1978). All adults on traps after 72 hrs were recovered, 
counted, marked (with a scratch on the elytra), and released back into the plot. Seven 
days later a second set of traps was put out and the weevils recovered in them were 
examined for marks. Numbers of marked and unmarked weevils were used to estimate 
weevil populations using the Lincoln index (Southwood 1978). Previous work done on 
the banana weevil has determined that assumptions of population estimation using the 
Lincoln index are not violated (Mitchell 1978, Ogenga-Latigo and Bakyalire 1993). 
Corm Damage Assessment 
For each treatment in the first planting (high, medium, and low sanitation), banana 
weevil damage on plants was assessed weekly by measuring the level of damage in corms 
of recently harvested (1-4 weeks) plants. Damage in the corm was measured at two 
internal depths, in the cortex and in the central cylinder, by examining cross sectional cuts 
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made at 0 and 10 cm below the collar, following the method of Gold et al. (1994). 
Average corm damage was taken as the mean of the cortex and the central cylinder cross- 
section damage estimates. All measures were expressed as the percentage of area 
examined that was damaged. 
Adult Weevils and Predator Numbers on Mats 
Because weevil attack on standing plants is directly related to damage and because 
predators were found on older plants and residues on mats (Chapter 2), I collected data on 
mats that would allow me to estimate predator: prey ratios and their impact on damage to 
banana plants at high, moderate, and low residue levels. Of the mats in each plot for each 
treatment in the first plantation, I selected five mats at random and assessed them for 
predators and banana weevils by detaching all loose leaf sheath, shredding them, and 
recording predators and banana weevil adults found. I then had all the plants in five mats 
uprooted and recorded corm damage on one plant on a mat from each of the following 
age categories: peepers (1-3 mo), maiden suckers (4-6 mo), preflower (7-9 mo), 
flowered (> 9 mo), and post harvest stems (harvested standing residues), as described 
above, for recently harvested plants under the section on corm damage assessment. 
Statistical Analyses 
Plot means of predator numbers, banana weevil trap catches, and levels of corm 
damage were subjected to GLM procedures of SAS (SAS Inc. 1997). When analysis of 
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variance results were significant for any parameters, Duncan’s multiple range tests were 
employed to separate means. To investigate temporal patterns between banana weevil 
predators, banana weevil adult population and damage, these parameters were regressed 
on each other or on rainfall patterns, of the same month, of the previous month (one 
month’s lag period), or of two previous months (two months lag period) for the different 
treatments. Count data in these studies were log transformed to stabilize variance and 
percentage data on damage were arcsine square root transformed before they were subject 
to ANOVA. 
Results 
Impact of Residue Removal on the Abundance of Banana Weevil Predators 
Effect of residue density 
Crop residue removal resulted in significant (F = 99.87; P < 0.001) reduction in 
predator numbers across treatments (Table 25). The fewest predators were found in plots 
with high residue removal, while the most predators were in mulched plots from which 
no residues had been removed. Analysis of all predatory groups pooled over a sixteen 
month period showed that moderate levels of residue retention increased predator 
numbers above plots with high residue removal 1.8-fold, while low or no residue removal 
increased predators by 2.5-fold. Mulching plots in addition to low residue removal had 
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the greatest effect on predator numbers, increasing numbers four-fold over plots with high 
residue removal. 
I calculated the number of predators per hectare by multiplying the number of 
residues per hectare with the number of predators per residue and found that predator 
abundance per hectare was lowest in plots with high residue removal (1546 ± 447/ ha) 
compared to plots with moderate (2311 ± 384/ ha) or low residue removal (6593 ± 332/ 
ha) (F = 23.81; P < 0.0001). Thus removing only half the residues by chopping (in the 
moderate removal plots) raised predator numbers by 50% over those in high residue 
removal plots, while use of low or no residue removal increased predator numbers by 
314%. 
Residue removal also reduced the numbers of individual predator groups (Figure 
3). Leaving half the residues intact in the moderate sanitation plots increased the number 
of Dermaptera by 56%, Staphylinidae by 150%, and Hydrophylidae by 26% compared to 
the numbers found in high residue removal plots. Large increases (150-238%) for 
Staphylinidae with increasing residue levels suggests that this group was most sensitive to 
residue removal practices while, conversely, Hydrophylidae (26-79% increase) was the 
least sensitive. Histerids were too rare to allow the impact of residue removal on their 
abundance to be measured. Addition of mulch to plots under low residue removal 
significantly (P < 0.001) increased abundance of all four predator groups relative to low 
residue removal without mulch - Dermaptera (25%), staphylinids (63%), hydrophylids 
(105%), and histerids (640%) - (Figure 3). 
95 
Effect of residue age and type 
Predator numbers increased with residue age (Table 26a). The mean number of 
predators per residue in 1-4 week old residues (10.6 ± 0.6) was significantly lower (F = 
62.27, P < 0.001) than that in 5-8 week old residues (17.7 ± 0.8). There was no 
significant difference in number of predators per residue between 9-12 weeks old residues 
(19.5 ± 0.9) and ones 5-8 weeks old. However, there was a significant interaction 
between the levels of residue removal and residue age (exclusive of the treatment with 
both low residue removal and mulch), with predator abundance being greatest in 9-12 
week old residues in plots with low residue removal (F = 5.81, P < 0.001) (Table 26a). 
Using pooled data for the whole 16-month study period, we found that type of 
residue (standing, prostrate, etc) had a significant effect on predator numbers (F = 20.88, 
P < 0.0001). Whole residues (standing = 15.7 ± 0.9 and prostrate = 22.1 ± 0.9) had 50- 
67% more predators than split pseudostems (7.8 ± 1.2) or chopped residues (7.2 ± 1.2). 
Prostrate intact residues (22.7 ± 0.9) had 40% more predators than standing intact ones 
(15.7 ±0.9) (Table 26b). 
Temporal dynamics of banana weevil predators 
Monitoring of predator levels over the 16-month experimental period showed that 
peak predator levels occurred during the second dry season (May and July) (F = 29.15, P 
< 0.001). Predator levels then declined after the end of the dry season (July-September), 
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recovered slowly between October and March, and then increased sharply after March, 
especially in plots with low levels of residue removal. However, a regression of predator 
levels in monthly samples against monthly rainfall showed that rainfall had no impact on 
mean total predators per residue in plots with low residue removal. This was true when 
rainfall data was from the same months as insect count data of the same month (slope = 
0.08 ± 0.06, F = 2.29, P > 0.246, R2 = 0.25) and when a one-month time lag was 
introduced, (R = 0.021). When a two month time lag was examined the relationship was 
positive but not significant (Y = 9.88 + 0.1 lx; R2 = 0.33; slope = 0.11 ± 0.06, F = 2.99; P 
> 0.135). In time lag analysis, insect counts were regressed against rainfall 1 to 2 months 
prior to insect counts. Throughout the year, there was little or no change in predator 
numbers in plots with high levels of residue removal. 
Of the indi vidual predatory groups, staphylinids were most sensitive to seasonal 
changes, decreasing to near zero in the rainy season (September-November) (0.6) and 
gradually increasing to a maximum in the dry season (May-July) of 7.1 to 8.9, a 
significant change (F = 45.35, P < 0.001). Regressing staphylinid numbers against 
rainfall gave a significant non-linear relationship with rainfall from two months before 
insect counts in plots with low residue removal (Y = 22.19 -0.6 X + 0.004X2, R 2= 0.76). 
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Impact of Residue Removal on Banana Weevil Adults Numbers and Damage in Plants 
Abundance of banana weevil adults in residues 
Catches of banana weevils in pseudostem traps were significantly lower (P < 
0.05) in plots with high compared to moderate or low levels of residue removal (Table 
27a). Similarly, population estimates per hectare (from Lincoln Index mark and recapture 
analysis) showed that banana weevil numbers were 31- 40% lower (P < 0.005) in plots 
with high levels of residue removal (967 ± 94 weevils per hectare) compared to moderate 
(1429 ± 83) and low residue removal (1409 ± 94) (Table 27a). Over a 12 month- period, 
banana weevil trap catch was greater in drier months (June 2001, January 2002 and July 
2002 (P < 0.05) compared to other months. Nevertheless, there was no relationship 
between weevil catches and rainfall during the same month (slope = 0.0002 ± 0.006; P > 
0.969; R2= 0.0001) or the previous month (slope = -0.0018 ± 0.005; P > 0.7081; R2 = 
0.01). 
Effect on banana weevil damage 
Residue removal practices had no effect on central cylinder damage (XI) (F = 
1.76; P > 0.183) or average plant damage (XT) (F = 1.76; P > 0.173) (Table 27b). 
Damage levels in plants increased linearly over time after initial weevil releases in plots 
with high (Y = 5.8 + 0.29 X, R2= 0.42) or moderate residue removal (Y = 5.9 +0.29 X, 
R2 = 0.41). Increase was non-linear in plots with low levels of residue removal (Y = 2.4 + 
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1.14 X- 0.1 X , R = 0.62) (Figure 4). Damage trends showed no association with rainfall 
patterns or weevil numbers in traps but were strongly negatively correlated with predator 
numbers of the previous month (Y=9.29-0.14X, R2 - 0.74; Slope = -0.14 ± 0.04; F = 
14.10; P < 0.01) in plots with low levels of residue removal. For the same period, 
damage at high residue removal showed a weak and non significant relationship with 
predator numbers (Y = 9.6 - 0.34 X; R2 = 0.15; slope = -0.34 ± 0.35, F = 0.89; P > 
0.388). 
Predators, Pest numbers, and Damage Levels on Mats 
Removing residues resulted in reduced numbers of predators (F = 3.25, P < 0.05) 
and adult banana weevils (F = 5.24, P <0.01) on plants in plots with high level of residue 
removal (Table 28). Mats in plots under high level of residue removal had only 18% as 
many predators and 53% as many banana weevils as plots under low residue removal. 
Moderate residue removal reduced predators on mats by 17% compared to low residue 
removal but had 6% more weevils. 
Damage on mats was lower at low residue removal but was not significantly 
different across treatments (F=l .42, P > 0.24) (Table 28). Overall, damage was 
cumulative and increased with plant age but at low residue removal, damage on plants 
started at three to six month compared to one to three month under moderate sanitation 
and was lower among plants at flowering (9 months old) in low residue removal 
compared to plants of the same age in other treatments (Figure 5). 
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Predator- Prey Ratios in the Sanitation Trial 
Ratios of the absolute abundance of predators and adult banana weevils per 
hectare showed that residue removal resulted in a tripling of the predator: prey ratio in the 
low residue removal plots compared to that in the high and moderate residue removal 
plots (Table 29). Predator: prey ratios calculated for living plants on mats showed the 
same effect (Table 29). 
Discussion 
Banana weevil predators from the order Dermaptera and the coleopteran families 
Staphylinidae, Hydrophilidae, and Histeridae have been reported in highland banana in 
Kenya (Koppenhoffer 1993b, c, Koppenhoffer et al. 1992). Predators in these groups 
have also been reported to attack the banana weevil in Southeast Asia (Waterhouse and 
Norris 1987) and in Indonesia (Hasyim and Gold 1999, Abera et al. in press). In Uganda, 
very little information has been available on indigenous natural enemies of the banana 
weevil and most such predators have been considered to be of little importance. 
In this study I demonstrated that the abundances of the principal predatory groups 
of banana weevil in Uganda are adversely affected by crop sanitation practices (i.e., 
removal of crop residues) (Table 25a). Crop sanitation has been widely recommended to 
control banana weevil (Froggatt 1925, Ghesquierre 1925, INIBAP 1988, Treverrow et al. 
1992, Seshu Reddy et al. 1998). It is believed that destruction of crop residues eliminates 
adult refuges, food sources, and breeding sites (Treverrow et al. 1992), lowers overall 
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C. sordidus populations, and reduces damage on plants (Gold et al. 2001). No attention 
has been given to how these practices might affect natural enemy abundance and their 
potential to control the banana weevil. With this study, I have demonstrated that 
destroying crop residues, while removing resources needed for banana weevil survival, 
also lowers predator numbers presumably by denying them needed refuges, food, and 
breeding sites. For example, in plots with high sanitation, where residues were destroyed 
by chopping, natural enemy levels were reduced by 59% compared to plots with low 
sanitation levels. Moderate levels of sanitation reduced predators by 28%. 
I have also demonstrated that, while residue destruction at high sanitation did 
reduce banana weevil numbers in traps, damage was not different from that in plots with 
low sanitation. Instead, trends over time showed that damage in low residue removal 
plots was lower than that in plots with high residue removal (Figure 4). Our work 
supports findings by Masanza (2003), in which low residue removal resulted in lower 
damage and higher yield than high residues removal by the fourth cropping cycle, 
compared to earlier cycles. Three pieces of information emerging from these data suggest 
that predator: prey ratios in plots under low residue removal may have offset the increase 
in adult banana weevil densities. 
First I found that in residues, predator levels were four times higher in plots with 
low rather than high residue removal levels. Greatest predator abundance 26-58 days after 
harvest (Table 26a) and Masanza’s (2003) findings that the highest number of banana 
weevil eggs and larvae are present in residues at about the same time, suggest that by co¬ 
occurring with predators in residues banana weevil immatures are exposed to potential 
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predation, that might restrict banana weevil activity to residues and prevent attack on 
plants. 
Second, I found that on mats, predator levels were six times greater at low than at 
high crop residue removal, mostly because removing residues through high sanitation led 
to an 82% reduction in predator presence on mats compared to low residue removal. 
Koppenhoffer (1993a, b) demonstrated that predators feed on eggs in standing plants and 
have access to 60% of the eggs in plants. Because there was no evidence to support the 
hypothesis that residue removal increased the number of adult banana weevils on living 
plants on mats in high residue removal plots compared to plots where no residues were 
removed (high = 6.1 ± 0.5, moderate = 6.5 ± 0.5, low = 8.4 ± 0.6), I suggest that (1) lower 
damage on mats in low sanitation (although not significantly different. Table 28) and (2) 
lack of differences in damage on recently harvested plants across treatments despite 
greater weevil number at low sanitation, could have occurred as a result of a higher 
predator: prey ratio on mats (Table 29) under conditions of low crop residue removal. 
Third, of the three parameters that could affect banana weevil damage - rainfall, 
banana weevil numbers, and predator numbers - only predator numbers showed a 
significant negative relationship (R = 0.74) with damage (at low but not at high residue 
removal). The lack of relationship between weevil numbers and damage in plants has in 
the past been attributed to differences in cuLtivars, soils, topography, and management 
practices (Gold et.al. 1993, 1994), but since these were uniform for all three treatments in 
our trial, they could not have significantly affected damage. Instead, high predation 
pressure in residues and on mats in plots under low residue removal appears to have 
prevented damage to plants. 
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Although predator: prey ratios for generalist predators are subject to the 
abundance of other prey sources, this study demonstrates that (1) high predator: prey 
ratios have the potential to offset the effect of higher banana weevils numbers in plots and 
(2) residue destruction to control banana weevils reduced predator: prey ratios both in 
residues and living plants on mats and failed to protect plants against damage. 
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Table 25. Effect of Removal of Crop Residues on Number of Predators 
per Residue at Kawanda Agricultural Research Institute (KARI), 
Kampala, Uganda, July 2001-Sept, 2002. 
Residue Removal level Predators/Residue (mean ± SE) 
High a 6.9 ± 1.3 c 
Moderate 12.3 ± 0.8 b 
Low 16.9 +0.8 b 
Low/Mulch 28.0 ±0.8 a 
a For this treatment, since all residues were destroyed, the sample 
unit was piles of chopped tissue from cut up residues 
Means in a column followed by the same letter are not significantly 
different by Duncan’s multiple range tests 
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Table 26. Effect of Residue Age and Type on Number of Predators per Residues in 
Banana Plots with Different Levels of Residual Removal at KARI, Kampala, Uganda. 
A. Effect of Residue Age 
Residue Removal 
Level 
Predators per Residue (Mean ± SE) 
Crop Residue Age (from time of harvest) 
1-4 wk 5-8 wk 9-12 wk 
High 4.4 ± 0.8 9.2 ±2.1 7.1 ±3.0 
Moderate 5.9 ± 1.1 14.8+1.5 15.8+1.6 
Low 10.0+1.3 15.8+1.3 24.9+1.3 
Low/Mulch 22.8+1.4 31.4+1.3 29.8+1.5 
Average2 10.8 +0.6b 17.7 +0.8a 19.5 +0.9a 
B. Distribution of Predators in Crop Residues (Mean ± SE) 
Residue 
Removal 
Level 
Type of Residues 
Intact Standing Intact 
Prostrate 
Split Pseudostems 
(traps pieces) 
Chopped 
Pseudostems 
High i - 3.2 ±0.9 6.9+ 1.3 
Moderate 19.6+1.2 - 5.5 + 1.6 7.6+ 1.9 
Low 13.6 + 0.9 16.6+1.2 4.8 ± 3.0 - 
Low/Mulch - 28.9+1.2 24.2+1.7 - 
Average2 15.7 + 0.9b 22.7 ± 0.9a 7.8+ 1.2c 7.2+ 1.2c 
1 No residues in this category were available for assessment. 
Means in this rows followed by the same letter are not significantly different by 
Duncan’s multiple range Test. 
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Table 27: Effect of Crop Residue Removal Level on Adult Banana Weevil 
Numbers and Damage in Plants in a Trial at KARI, Kampala, Uganda, 
July 2001-September, 2002. 
A) Adult Banana Weevil Trap Catches and Estimated 
Population per Hectare (Mean ± SE) 
Residue Removal Level Weevils/Trap Estimated Population /Ha 
High 2.6 ± 0.6b 967 ± 94b 
Moderate 3.6 ± 0.2a 1429 ± 83a 
Low 3.4 ± 0.2a 1409 ± 94a 
Means in the same column followed by the same letter are not significantly different by 
Duncan’s multiple range tests 
B) Central Cylinder (XI) and Average Corm Damage (XT) (Mean ± SE) 
in (cross) Section Cuts of Recently Harvested (1-4 wks) Banana Plants 
Residue Removal Level Damage (XI) Damage (XT) 
High 6.5 ± 0.6a 7.7 ± 0.6a 
Moderate 7.4 ± 0.7a 8.5 ± 0.5a 
Low 6.1 ± 0.7a 7.5 ± 0.5a 
Means in the same column followed by the same letter are not significantly different by 
Duncan’s multiple range tests 
106 
Table 28. Effect of Removal of Crop Residues on Number of Predators 
Adult Banana Weevils, and on Banana Weevil Damage (XT) in Living 
Plants on Mats (including standing crop residues in Moderate and Low Sanitation 
plots) at Kawanda Agricultural Research Institute Uganda, July 2001-September 2002. 
Number of Predators, Banana Weevils Adults and Damage 
per Mats (Mean XT ± SE) 
Residue Removal Level Predators Banana Weevils Damage (XT) 
High 6.1 ± 2.3b 6.1 ± 0.7b 5.3 ± 0.6a 
Moderate 27.8 ± 2.1a 12.2 ± 0.5a 5.2 ± 0.6a 
Low 33.6 ± 2.2a 11.5 ± 0.5a 3.9 ± 1.3a 
XT= Percent average cross sectional damage in the corm (% Corm tissue viewed from 
the cross section that is damage by banana weevil). 
Means in the same column followed by the same letter are not significantly different by 
Duncan’s multiple range tests. 
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Table 29: Effect of Crop Residue Removal on the Ratio of Predators to Banana Weevil 
Adults in Residues and on Mats in plots in a Trial at Kawanda Agricultural Research 
Institute, Uganda, 2001-2002. 
Residue Removal Level 
Predator/Prey Ratios 
Per Hectare in Residues Per Mat of Standing Plants in Plots 
High 1.6 ±0.49 1.0 ± 0.43 
Moderate 1.6 ±0.28 2.3 ± 0.09 
Low 4.6 ±0.39 3.0 ±0.08 
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Figure 3. Effect of residue removal on major groups of banana weevil predators at 
Kawanda Agricultural Research Institute, Kampala, Uganda, July 2001-Sept, 2002. 
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Figure 4. Monthly variation in mean plant damage in a trial with three levels of crop 
residue removal, February 2001 to September 2002 at Kawanda Agricultural Research 
Institute, Kampala, Uganda. 
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Figure 5. Impact of crop residue removal on damage development in plants on mats in 
the crop residue removal trial at Kawanda Agricultural Research Institute, Kampala, 
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CHAPTER 5 
COMPOSITION, DISTRIBUTION AND RELATIVE ABUNDANCE OF ANTS IN 
BANANA FARMING SYSTEMS IN UGANDA 
Abstract 
Here I present results of a survey of ant species’ composition and relative 
abundance in farmers’ plots in the banana growing areas of Uganda. Through sampling 
at 39 farms in four regions, I found 55 species of ants using pitfall traps and 24 species 
using fish and honey food baits. When banana weevil (Cosmolites sordidus, Germar) 
larvae were exposed as baits, I encountered 11 species, of which Pheidole sp. 1, Pheidole 
sp. 2, Pheidole sp. 3, Paratrechina sp. 1, and Lepisiota sp. 1 were the most abundant. 
These five species were also the major species found as colonies or forager inside 
harvested post- harvest pseudostem and corm residues. In such crop residues, I recovered 
17 species in pseudostems and 34 in corms, either as colonies or foragers. High species 
richness and abundance especially inside plants and residues suggests that ants are 
important foragers in banana plantations. 
Seven of the ant species found in plants demonstrated significant ability to remove 
banana weevil eggs artificially inserted in corms. Two species, Odontomachus 
troglodytes Santschi and Pheidole sp. 2, were able to remove eggs from naturally infested 
corms. Odontomachus troglodytes removed 33-68% of the eggs in naturally infested 
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corms, while Pheidole sp. 2 removed 38 to 60% of such eggs. The attraction of these 
species to banana weevil-infested plant pieces, their close association with the banana 
plants, and their ability to extract artificially and naturally introduced banana weevil eggs 
from plant tissue suggest that these two ant species may have significant potential to 
consume weevil immature stages in plants and residues. 
Introduction 
The banana weevil, Cosmopolites sordidus (Germar), is a serious pest in most 
banana-growing areas of the world (Ostimark 1974, Waterhouse and Norris 1987). East 
African highland banana (Musa AAA.EA) (Sikora et al.1989, Kiggundu 2000) and 
plantain (Jones 1986, Kiggundu 2000) are particularly susceptible. Females lay eggs on 
the base of pseudostems, rhizomes of living plants (Koppenhofer 1993a, Abera et 
al.1999), and in cut prostrate residues (Masanza 2003). In living plants, newly emerged 
larvae burrow into the rhizome, weakening plants and leading to reduced bunch weight or 
to total yield loss, when plants snap at the rhizome before harvest (Gold et al. 1993, 
Rukazambuga et al. 1998). Pest stages are all passed inside the plant (Cuille 1950, 
Koppenhofer 1993a, Abera et al 1999, Masanza, 2003) making control difficult. Natural 
enemies with the potential to find immature stages in hiding places in the plant are likely 
to be most successful. 
To date, there are no known parasitoids of this pest (Waterhouse and Norris 1987, 
Koppenhofer et al. 1992, Waterhouse 1998, Hasyim and Gold 1999, Abera et al., in 
press), but predators, mostly generalists, have been identified mainly among families of 
113 
Coleoptera and Dermaptera (Waterhouse and Norris 1987, Koppenhofer et al. 1992, 
Waterhouse 1998, Hasyim and Gold 1999, Abera et al. in press), and in the Formicidae 
(Castineiras 1982, Roche and Abreu 1983, Waterhouse 1998). Lack of specialization 
among known banana weevil predators limits their ability to reach banana weevil eggs, 
larvae, and pupae concealed in plant tissue and tunnels inside the plant (Waterhouse and 
Norris 1987, Koppenhoffer, 1993b, c, 1994, Koppenhoffer et al. 1992, 1995). Ants are 
thought to be an exception; they are able to dig through the soil and forage underground 
inside rhizome tunnel. Although they are generalists, ants may be superior foragers 
because they are numerous in number; they recruit one another and, unlike other 
predators, are not affected by satiation since individuals do not forage for themselves 
(Room, 1971). 
Ants are important biological control agents of insect pests of perennial crops in 
the tropics and subtropics (Leston 1973, Perfecto 1991, Way and Khoo 1992). In Cuba, 
ants have been reported to successfully reduce banana weevil populations by 65% in 
heavily infested banana plantations (Roche and Abreu 1983). Ants are also increasingly 
being viewed as possible components of banana weevil control in parts of Asia and the 
Pacific Islands (Waterhouse 1998, Hasyim and Gold, 1999, Abera et al. in press). In 
Africa, Greathead (1986) proposed that banana weevil control with ants is a possibility; 
however, no tests have been run to assess their potential. 
This study was therefore initiated to evaluate the role of ants as biological control 
agents of the banana weevil in Uganda. Specifically my goals were (1) to determine the 
composition and relative abundance of the ant species in major banana farming systems 
in Uganda, (2) to assess how factors including seasonal, altitude, and management 
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practices that have been reported to affect ant communities impact ants in banana farms 
in Uganda, and (3) to identify ants species with greatest potential to control the banana 
weevil. 
Methods 
Site, Farm and Plot Selection 
I examined ant species numbers and abundance in relation to altitude and farm 
management types at four locations during one wet (February-April) and one dry season 
(June-August) in 2001 in Uganda. Locations that were used to survey for non-formicid 
predators in Chapter three are the same ones that I used to survey for ants. Therefore, as 
in Chapter 3, four locations at three different altitudes were selected for the survey, and 
site, farm and plot selection described here are similar to those in Chapter three. I 
surveyed two locations at low elevation, one in the Iganga and the other in the Masaka 
districts, both at 900 m (lowest elevation in Uganda). Two other locations, in Mbarara 
district at 1300 m and in the Ntungamo district at 1500 m, represented banana production 
at mid and high elevation. 
Within each district, I conducted an initial assessment to identify the major 
management practices used by local farmers in banana fields. These were found to be (1) 
pure banana stands mulched with banana trash (termed banana/ banana trash), (2) pure 
banana mulched with grass brought from outside the plantation (banana/grass mulched), 
(3) banana intercropped with an annual (banana/bean intercrop), and (4) banana 
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intercropped with a perennial (banana/coffee intercrop). Within each district, blocks of 
farms in areas approximately lxl km and at least 1-2 kms away from the next block were 
selected such that within each block there was one farm using each of the locally 
employed management practices. In each district there were 3-4 such blocks. Because 
not all cropping systems were in use in each district, numbers of farms per district varied 
from 6 to 12, with a total of 39 farms in the survey. 
To standardize the data collection process, only banana fields at least 30 x 30 m 
were chosen. At larger plantations, we identified a 30 x 30 m plot within which to take 
samples. Plots used for sampling were positioned within the total plantation by use of 
random numbers and counting mats to identify coordinates of comers of the plot. Sample 
plots were at least 15 m from the edge of the plantation. Mats were spaced at 2 to 2.5 m, 
giving 144 and 225 mats per plot. 
Ant Species Composition, Abundance, and Distribution 
To determine composition, abundance, and distribution of individual ant species, 
we used food baits and pitfall traps. Each of these methods has some advantages and 
disadvantages (Samways 1983, Varela 1993), and both were pre-tested at the Ntungamo 
location. In order to capture a high proportion of the species of ants on banana farms and 
to get information on their foraging activity, I decided to use both methods together. 
Baits were placed and examined between 9 AM and 12 NOON. Pitfall traps were placed 
in the morning of the first day in the field and left for two days before we collected the 
catch. 
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Food baits 
Both honey and fish food baits were used. Honey baits were prepared by mixing 
250 ml of honey with water in a 1:1 ratio in a plastic jar. Fish baits were made from a 
locally available fish, Nile perch {Lates niloticd). The meat of dried Nile perch was 
separated from bones, put in a blender, and ground (without water) into semi powdery 
pieces. To bait ants, we placed 5 ml of the honey solution or a level tablespoon of ground 
fish slurry on 9 cm diameter dish covers on the ground at the base of a mat. 
To deploy baits on a farm, a banana mat was selected at random from one of the 
mats in the four comers of a 30 x 30 m plot as the first bait station. On this mat, fish and 
honey baits were placed 25 cm from the mat base and 0.5 m from each other on opposite 
ends of the mat. Subsequent baits were placed at every other mat (with 4-5 m between 
bait stations) in rows across the plot to form a grid of 4 x 5 bait stations. Twenty fish and 
20 honey baits were placed per plot (farm). Baits were left in the plot for 1 hour and 
checked at 10 minutes intervals to ensure that all species visiting baits were observed. At 
the end of the observation period, baits were enclosed in cups by placing a cup over the 
lid on which the bait had been exposed and tightening the lid of the cup. This allowed 
foraging ants to be captured. All the cups were placed in a cooler to immobilize ants and 
for transportation to the laboratory where ants were sorted and the species and number of 
individuals of each ant species were recorded per bait cup. 
Initial identification of ants found foraging on baits in the field was done based on 
visual characteristics. Species brought from the field were sorted to apparent 
morphospecies under the microscope in the laboratory and preserved in alcohol for later 
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identification by a specialist. Initial identification to genus were done at ETA and at the 
Harvard Museum of Natural Hstory and then mounted specimen were sent to Dr. Roy 
Snelling at the Natural History Museum, LA, USA who has experience working with 
African ants for identification to species. Samples were also sent to a specialist in 
Pheidole species of the Old World in Japan, Dr. K. Eguchi. 
Pitfall traps 
Pitfall traps were placed on mats selected in a similar manner to food baits. Holes 
for pitfall traps were dug soon after all food baits had been removed, but these holes were 
left empty overnight to avoid effects from digging. Holes were dug at the base of mats 5 
m apart in a 4 x 5 grid within the 30 x 30 m plot. One day after holes were dug, 150 ml 
cups were placed in the hole, with the cup rim flush with the soil surface. Each cup 
contained 50 ml of 70% ethyl alcohol and glycerol at a 7:3 ratio. Pitfall traps were left at 
the farm in the plot for 48 hours and were protected from rain by covers made from 80 
mm-gauge plastic sheets stapled on a conical metallic wire frame and held above the soil 
by sinking the wires in the ground. On the third day after set up, pitfall traps were 
emptied into vials containing 70% ethyl alcohol, samples were brought back to the 
laboratory, and ants were sorted into morphospecies based on general appearance under 
the microscope. For each trap, the number of morphospecies and total number of 
individuals encountered per morphospecies were recorded. For identification to species, 
ants from pitfall traps were treated as those collected at food baits as described above. 
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Identifying Ant Species with Potential as Banana Weevil Predators 
To identify ant species that might be banana weevil predators, I directly observed 
ants foraging for banana weevil stages in the field and ran some preliminary laboratory 
tests on predation. In the field, (1)1 made visual observations of ants that were attracted 
to banana weevil immatures deployed as baits in vials and (2) I had corms of recently 
harvested banana plants uprooted and dissected and pseudostem residues shredded to 
look for ants that form colonies or forage inside banana plants. In the laboratory, I tested 
the ability of colonies brought from the field to remove banana weevil eggs (1) from 
artificially infested corms, (2) from natural oviposition sites in corms previously exposed 
to gravid females. 
Observations at banana weevil baits 
Groups of either five banana weevil eggs or three larvae were put in a vial (10 x 3 
cm) and the vial placed in a prone position 25 cm from the base of a banana mat. The 
first mat for bait placement in each plot was selected at random as described for fish and 
honey baits. Subsequently I placed one egg and one larval bait station on mats at 5-meter 
intervals along a diagonal transect line across the plot. A total of 10 vials were deployed 
at a farm, five of which had eggs and 5 of which had larvae. Each pair of baits was 
observed continuously from the time of placement for 30 minutes. Data were recorded on 
ant species that came to baits, number of eggs and larvae removed, and the distance to the 
colony to which baits were taken. Data on ants were recorded using visual observations 
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to differentiate ants in the field but also ants from baits were collected, put in labeled 
vials containing 70% ethanol, and preserved for identification as described for food baits. 
Dissecting post-harvest residues to search for ants 
Stumps and pseudostems of post harvest residues were dissected to determine if 
ant species attracted to baits of banana weevil immatures were also found in banana 
residues - where most banana weevil stages are found. I also wanted to know if there 
were any ant species that foraged inside banana residues but were not encountered at 
baits. Samples of individual foragers and of major and minor workers of colonies were 
collected into vials with ethanol and saved for identification as above. Wherever possible 
colonies of ants were collected and brought back to the laboratory for tests on predatory 
potential. 
At each farm, we examined stumps of recently harvested plants; we had ten 
stumps uprooted and the corms cut into pieces. We recorded which ant species were 
found in corms by their visual characteristics and collected samples of each type and 
saved them in vials containing ethanol for identification. For each species, we recorded 
the number of colonies or foragers encountered. To assess pseudostem residues, I 
randomly selected 15 prostrate post- harvest pseudostem residues and had each one split 
into two halves using a machete. Each half was then shredded into small pieces by hand 
and ant species present were recorded as above, together with the number of ant colonies 
and foragers of each species. Samples of encountered ant species were saved in alcohol 
for identification. 
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Laboratory Test on the Potential of Ants to Remove BW Eggs from Plants 
To test the ability of ant species to remove banana weevil eggs from plants, I 
brought colonies of selected ant species from the field and exposed them to artificially 
and naturally infested plant corms in the laboratory. All laboratory studies were 
conducted at the IITA Entomology Laboratory at the Kawanda Research Station near 
Kampala, Uganda, at an average daily temperature of 25 °C, 68% RH, and natural 
photoperiod (ca 12:12 L: D). 
Colonies of ants were collected from farmers’ fields and brought into the 
laboratory where they were transferred to bottles (150 ml) containing moist cotton wool. 
Bottles were wrapped with aluminum foil up to the neck to provide darkness for the 
colony. Colonies in bottles were placed in rearing dishes or, for Odontomachus 
troglodytes Santschi, in paper boxes (because this ant could not move on plastic 
surfaces). Dishes or boxes with ant colonies were used as test chambers in laboratory 
experiments. 
Removal of banana weevil eggs from artificially infested corms 
Using these chambers, I tested the ability of 13 ant species found foraging on 
banana weevil baits or inside banana plants in the field to consume banana weevil eggs 
inserted artificially in corms. Initially, all colonies were provisioned with ten banana 
weevil eggs singly inserted 2-3 mm into small corm pieces (3 x 3 x 1cm) by use of a pin 
and covered with small pieces of corm tissue. Water and honey were also provided on 
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two separate 3 cm dia. plastic lids. After 8 hrs (test period 9AM-5PM), the number of 
eggs that were not consumed was recorded, test chambers were cleaned, and water was 
replaced. Of the species tested, the ones that consumed, at least, an average of one egg 
per 8 hrs were further tested at higher prey densities of 20 or 50 banana weevil eggs per 
corm. For these species, three colonies of each were simultaneously tested at each egg 
density. Tests were repeated daily for five days. Based on this study, three ant species, 
Pheidole sp. 2, Lepisiota sp. 1 and Odontomachus troglodytes Santschi, that consistently 
found and consumed the most banana weevil eggs and whose colonies were readily found 
in banana fields were selected for further study. 
Removal of eggs from naturally infested corms 
To determine if selected ant species could extract banana weevil eggs from natural 
sites in the plant, I presented corm pieces previously exposed to gravid banana weevil 
females in the laboratory to colonies of Odontomachus troglodytes Santschi and Pheidole 
sp. 2 in test chambers. Lepisiota sp. 1, was dropped from further laboratory testing 
because colonies failed to reproduce in the laboratory and died out, possibly due to the 
high moisture level in the bottles used for colony formation. 
To infest corms with banana weevil eggs, field-collected banana weevils were 
brought to the laboratory and sexed. Twenty females were dissected to confirm egg 
presence and the remaining females were put in 10 liter buckets in batches of 10 females 
and 10 males per bucket. Ten freshly cut corm pieces of 3 x 3 x 1cm were placed in each 
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bucket as oviposition substrates. Conns were left in buckets for 48 hours and then 
removed and placed in test chambers. 
Three test chambers were set up for each species for separate test periods of 24, 
48 or 72 hour and three colonies were tested for each species for a given test period. In 
each test chamber, I placed two corm pieces that had previously been exposed to gravid 
banana weevil females, together with honey and water. For each test period, three control 
test chambers were setup each with three corm pieces (that had been exposed to gravid 
females) but without ant colonies. For each ant species (2) by colony (3) by exposure 
duration (3) replicated five times I had a total of 90 observations for ants. After each 
exposure period, corms were removed from test chambers and gently pared with a knife 
to expose eggs beneath the surface. The number of eggs encountered was recorded 
against each species separately for each test period and colony number. 
Statistical Analyses 
Abundance data from preliminary work in one district, Ntungamo, were log 
transformed and plotted against species number to determine which of the two methods 
was most appropriate for sampling ant species richness (Southwood 1978). Pitfall traps 
captured the most number of species and were therefore used to investigate the impact of 
different variables measured on species richness and abundance. 
Farms of similar management practices selected for study in a given location were 
assumed to be uniform, so that the major variables that I could test were location 
(altitude), management and season. Pitfall trap data from the survey were analyzed for 
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seasonal effect on number of species and trap catches. Since no differences were found, 
data were pooled over seasons and subjected to a mixed model procedure (SAS Inc., 
1997). In this procedure, altitude and management were considered as fixed effects and 
farm and time of sampling, random effects. Regression analyses were performed to 
determine (1) the impact of altitude on species richness and abundance, and (2) to assess 
foraging activity from food bait data measured as the number of species coming to baits 
and the number of baits occupied at different time intervals and elevations. The proc 
mixed procedure in SAS used on pitfall trap data was also performed on number of 
species, colony number, and number of foragers in dissected plants except that data for 
each season were analyzed separately due to significant seasonal differences. 
To determine species that might be important predators, I estimated (1) the 
frequency of bait occupancy for species that attacked banana weevil baits and (2) the 
percentage of plants occupied by ants, percentage of colonies formed in plants, or 
percentage of total foraging individuals in plants that belonged to a given species. Data 
from laboratory tests were subjected to two-way ANOVA in the GLM procedure in SAS, 
to investigate the effect of species type and test period on consumption of eggs from corm 
pieces. Where ANOVA procedures were significant, means were separated using 
Duncan’s multiple range tests. Pitfall trap captures, colony and forager numbers in plants 
were subjected to log transformation to normalize the data before conducting ANOVA. 
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Results 
Ant Species Composition, Abundance, and Distribution 
Sampling methods 
Of the two methods used to collect ants (pitfall traps and food baits), pitfall traps 
captured more species, especially rare ones (ones with few individuals per farm) (Figure 
6). However, food baits, unlike pitfall traps, were able to show differences in foraging 
activity measured as change in the number of species seen at baits over the 60 minute 
observation period (Figure 7). Twenty-three out of twenty four species collected at food 
baits were also encountered in pitfall traps; therefore, data on ant abundance reported here 
is based on pitfall trap catches unless indicated otherwise. Species names in this chapter 
are based on final identifications by a specialist on African ants, a good proportion has 
not been studied and remains unknown, these are referred to by use of numerical labels. 
Species richness, abundance, and distribution 
In an overall catch of 29,798 individuals from the pooled dry and rainy season 
samples, 55 ant species from 5 subfamilies were recovered using pitfall traps (Table 30). 
The subfamily myrmicinae was most dominant in terms of number of species (24/55) and 
number of individuals captured per trap; the Pheidole genus alone accounted for 94% (38 
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± 1.5/41 ± 2.9) of all captures at Iganga, 38% (5.5 ± 1.3/13 ± 2.1) at Masaka, 20% (4.8 ± 
1.3/15 ± 1.7) at Mbarara, and 55% (13.2 ± 1.2/24 ± 1.8) at Ntungamo (Table 30). African 
Pheidole complex is largely not studied, as a result most species from this survey could 
not be identified and are referred to by numbers assigned by a Pheidole species specialist 
from Japan. Voucher specimens have been deposited at the Harvard Museum of Natural 
history. 
Although numerically more species (42) were collected in the dry compared to the 
rainy season (36), there were no significant seasonal variation in the number per farm, of 
species (dry = 8.83 ± 0.6, wet = 8.82 ± 0.61, P > 0.995), average trap catch (dry = 22.4 ± 
1.4, wet = 24.0 ± 1.5; P > 0.17), or total trap catch (dry = 397 ± 74 and wet = 442 ± 75, P 
> 0.673). 
Overall, the number of species captured per farm was low at low elevation, 
increased at mid-elevation, and declined again at higher elevation (1500 m) (R2 = 0.46, P 
< 0.01; Figure 8). Number of captures per farm (total individuals in pitfall traps) showed 
no relationship (R = 0.01, P > 0.209) with altitude, but captures of rare species (those 
with few individuals per farm) increased significantly (R2 = 0.41, P < 0.001) with 
elevation (Figure 9). Ant foraging activity measured, as number of baits occupied by ants 
could not be determined from pitfall trap captures, instead, we used data from fish baits 
which showed that number of baits occupied by ants declined significantly with 
increasing elevation (R2 = 0.42, P < 0.01) (Figure 10). 
I found 41 species in the banana with trash system, 32 in the coffee intercrop, 37 
in the bean intercrop, and 27 in the grass-mulched system. However, among these 
management practices, numbers of species per farm were not significantly different (bean 
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intercrop = 8.0 ± 0.6, banana trash = 8.1 ± 0.5, coffee intercrop = 8.4 ± 0.6, grass mulch = 
9.0 ± 0.7) (F = 0.46, P > 0.713). In contrast, average trap catch (per farm) for all species 
pooled over all sampling occasions were significantly higher (F = 13.01, P < 0.001) in the 
bean and coffee intercropped systems (Table 31), while average trap catch of rare species 
was significantly higher (F = 7.70, P < 0.001) in the grass-mulched system than the other 
three management systems (Table 31). 
Identifying Ant Species with Potential as Banana Weevil Predators 
Ants collected at banana weevil immature stages exposed as bait 
Eleven ant species with a total of 2, 289 individuals were observed on banana 
weevil food baits (Table 32). Pheidole sp. 2 dominated food baits occupying 50-83% of 
all egg baits and 30-100% of all larval baits. Pheidole sp. 2 was the only species 
encountered at weevil immature baits at the 900 masl location of Iganga occupying 83- 
100% of the baits. At the other 900 masl location of Masaka, in addition to Pheidole sp. 
2, two other species Odontomachus troglodytes Santschi and Tetramorium sericeiventre 
Emery were found on larvae baits, Crematogaster sp. 3 on egg baits and Pheidole sp. 3 
on both egg and larval baits. At the Mbarara location (1300 masl) I found eight species of 
which Pheidole sp. 2, Pheidole sp. 1, Lepisiota sp. 1 and Tapinoma sp. 1 occupied 93% 
of the egg baits and 83% of the larval baits. At the Ntungamo location (1500masl), I also 
found eight species of which Pheidole sp. 1, Pheidole sp. 2, Pheidole sp. 3 and 
Paratrechina sp. 1 occurred on over 80% of the egg and larval baits. 
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By monitoring bait removal and ant trails I found that colonies of all Pheidole 
species were closely associated with banana mats and most were underground in mats. 
Colonies of Lepisiota sp.l, Paratrechina sp. 1, and Tapinoma sp.l were in leaf sheaths of 
standing plants close to the mat base, while colonies of Camponotus cf pompeius Forel 
were in trash in plots. Although O. troglodytes formed colonies underneath mats, it 
favored above ground colony formation underneath residues. Colonies of T. sericeiventre 
were in the soil between mats. 
Ants in post harvest pseudostem residues 
A total of 17 species were found as either colonies or foragers inside post-harvest 
pseudostems. Of the total pseudostems (950) assessed over two seasons, 23% (215/950) 
had ants; of these, 78% (165/215) contained ant colonies or colonies with foragers and 
the remaining (50/215) had only foragers. 
Pheidole sp. 2 occurred in 58% (95/165) of the residues with ants and was 
responsible for 53% (109/205) of all colonies and 81% of all foragers (in the absence of 
colonies) (Table 33). Other species that were important with respect to having colonies in 
pseudostem residues were Lepisiota sp. 1, Paratrechina sp. 1, Pheidole sp. 1, and O. 
troglodytes (Table 33). Of the pseudostems found to have foragers for given species but 
not their colonies (data not shown in table) 58% (124/214) had Pheidole sp. 2 foragers 
which accounted for 81% (3689/4547 [Table 33]) of all foragers found in plants. 
Odontomachus troglodytes foragers were found in 19% of the pseudostem residues and 
Paratrechina sp. in 4% (Data not shown). 
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Ants in corms of recently harvested plants 
A total of 34 species, present as 687 colonies and 3190 individual foragers (in the 
absence of colonies) were found inside corms of recently harvested plants. Of the 902 
corms assessed during this survey, 58% (526/902) had ants. Forty four percent (392/902) 
equivalent to 75% [392/526] of corms with ants, had colonies alone or ant colonies for 
some species and foragers for other species. Fifteen percent equivalent to 25% (134/526) 
of corms with ants had only foragers (in the absence of colonies). 
Pheidole sp. 2 was the dominant species found in 42% (220/526) of all corms and 
accounting for 39% (265/687) of all colonies in corms and 91% (2890/3190) of all 
foragers (Table 34). Other species with colonies (in over 5% of the corms) included 
Strumigenys rukha Bolton (Myrmicinae) in 11%, Paratrechina sp. 1, Pheidole sp. 3, and 
Lepisiota sp. 1 each in 8% of the corms (Table 34). Sixteen species in pseudostems and 
23 species in corms were considered to be rare because either the number of plants they 
occupied, their colony numbers, or number of individual foragers in pseudostems or 
corms was < 1% of the total (Table 35). 
Effect of season, altitude, and management practices on ant abundance in residues 
When we pooled data over all post-harvest residues, I found more colonies in 
corms per farm (8.7 ± 0.6; F = 43.61; P < 0.001) than in pseudostem residues (3.0 ± 0.7). 
In contrast; I found more individual foragers (in absence of colonies) in pseudostems (65 
±11) than in corms (41 ± 10) (F = 7.86; P < 0.001). 
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The numbers of colonies in residues per farm were 81% higher in the dry (3.8 ± 
0.5) than rainy (2.1 ± 0.5) season in pseudostems residues (F = 7.82; P < 0.01), and 88% 
higher in corms in the dry (11.1 ± 0.9) than rainy season (5.9 ± 1.0) (F = 14.22, P < 0.01). 
For foragers, the number in the dry season (95 ±16) was three times higher than that in 
the rainy season (33 ± 17) in pseudostem residues (F =10.01, P < 0.001). There were no 
seasonal differences (P > 0.06) in foragers per farm in corms. 
Number of foragers in corms declined significantly with increasing elevation (R2 
= 0.49, P < 0.001) for data pooled over both season. In contrast, colony and forager 
number in pseudostems and colony number in corms (Table 36a and b) lacked significant 
relationships with elevation both in the dry and rainy seasons (in pseudostems for 
colonies, R2 = 0.02, P > 0.382 in the dry season and R2 = 0.02, P > 0.399 in the rainy 
season while for foragers, R2 = 0.002; P > 0.781 in the dry season, and R2 = 0.04, P > 
0.248 in the rainy seasons; in corms for colonies, R2 = 0.059, P > 0.129 in the dry season 
and R2 = 0.101, P > 0.0557 in rainy season). 
Management practices marginally affected number of colonies in pseudostems 
residues (dry, P < 0.05, rainy, P < 0.054) but had no effect on colony numbers in corms 
(P > 0.797) (Table 37a) and on numbers of foragers in pseudostems (dry, P > 0.58; rainy 
P > 0.969) and corms (for data pooled over the two seasons) (P > 0.897) (Table 37b). 
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Laboratory Test on the Potential of Ants to Remove BW Eggs from Corms 
Removal of banana weevil eggs from artificially infested corms 
Of the 13 ant species tested in the laboratory (provided with artificially infested 
corms containing banana weevil eggs), seven species - Technomyrmex sp., albipes F. 
Smith, Odontomachus troglodytes Santschi, Lepisiota sp. 1, Pheidole sp. 2, Pheidole sp. 
3> Pheidole sp. 5 and Solenopsis cf punctaticeps - showed high levels of egg 
consumption when offered 10, 20 or 50 banana weevil eggs per day (Table 38). Of these 
seven species, T. albipes, had a geographically restricted distribution, while Pheidole sp. 
3, Pheidole sp. 5, and S. punctaticeps formed small colonies inside corms that were 
difficult to maintain in the laboratory; as a result only three species - O. troglodytes, 
Lepisiota sp. 1, Pheidole sp. 2 - were selected for further tests. 
Removal of banana weevil eggs from naturally infested corms 
Data from this experiment showed that corms that were placed in test chambers 
with ants, Pheidole sp. 2 and Odontomachus troglodytes Santschi, recorded significantly 
fewer eggs relative to corms that were placed in controls (no ants present) (F = 5.05; P < 
0.01) (Figure 11). If I attribute the difference in egg numbers to removal by ants, these 
data showed that the percentage of eggs removed was low (24%) in corms exposed only 
for 24 hrs, increased to 38% in corms exposed for 48 hrs and to 60% in corms exposed 
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for 72 hrs for Pheidole sp. 2 (F = 7.92; P < 0.01). For O. troglodytes, 33% of the eggs 
were removed at 24 hrs, 44 % at 48 hrs, and 68% at 72 hrs (F = 15.42; P < 0.01). 
Overall, the two species were not significantly different in the number of eggs they 
extracted from corms (Figure 11). 
Discussion 
In this paper I present the first detailed description of ant communities in banana 
farming systems in Uganda. The two methods used in this study each had advantages and 
disadvantages with respect to assessing ant abundance. Pitfall traps had the advantage 
over food baits of capturing more rare species, but as observed by Samson et al. (1997), 
they failed to capture representative samples of some commonly encountered species (e.g. 
O. troglodytes). Food baits were better than pitfall traps at estimating ant foraging 
activity, measured as number of species coming to baits, but they too underestimated the 
numbers of Ponerinae species which, being individual foragers, did not stay on baits long 
enough to be recorded. 
Results from this study suggested that seasonality (dry and rainy seasons) had no 
effect on pitfall trap captures, which contradicts findings from previous work on ants 
(Janzen 1973, Valera 1993, Basu 1997, Andersen 2000). According to Basu (1997) most 
ant species are dormant in the dry season due to hot temperatures, while Janzen (1973) 
found that ground nesting is difficult under wet conditions and low soil temperatures. 
Lack of seasonality in our pitfall traps, therefore, may reflect the combined effect of 
tropical latitude and the high elevation of Uganda, which mitigates extremes of 
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temperatures. Seasonality, however, significantly affected numbers of colonies and 
foragers in residues i.e., pseudostems and corms. Residues recorded more colonies in the 
dry than wet season supporting Janzen’s (1973) idea that colony formation maybe 
difficult under wet conditions. It is possible that residues, especially pseudostems collect 
water in the rainy season making it difficult for ants to form colonies and to forage. The 
low foraging activity and low individual forager presence in corms that we observed at 
high elevation further support Janzen’s (1973) idea that ant activity is low at low 
temperatures. 
Mean number of ant species per farm peaked at mid-elevation equivalent to 1300 
m (Figure 8). Mid-elevation peaks in species richness with respect to altitude have 
previously been documented by Samson et al. (1997) and McCoy (1990). Based on 
results from their studies, I would have expected to see most species at 900 m through to 
1300 m. Low species richness at 900 masl, as we observed in Iganga district, may have 
resulted from disturbance factors (McCoy 1990). According to McCoy (1990) latitude, 
sampling effort and disturbance factors may influence species richness at a site. Given 
standardized sampling for all altitudes and Uganda’s tropical latitude, only disturbance 
factors remain as a likely explanation for the low number of species at the Iganga 
location. Declining banana production due to soil fertility and pest problems (Gold et al. 
1993) have led farmers in most of central Uganda including the Iganga district to 
interplant annuals in banana plots (Gold et al. 1999a), subjecting them (banana plots) to 
frequent disturbance from planting, weeding and harvesting. Severely disturbed habitats 
support ant communities with reduced diversity (Wolda 1987, McCoy 1990) and. 
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disturbance through interplanting in Iganga district may have favored the emergence of a 
Pheidole sp. 2 as the dominant species. 
I found that of the four management practices studied, the grass-mulched system 
supported the smallest number of ant species. This may have occurred because the 
amount of light reaching the soil and the soil temperature, both of which are important in 
determining the richness and abundance of ground nesting ants (Room 1971, Majer et al. 
1994), may have been lowered by mulching. In contrast, individual forager density was 
highest in the intercrop system (banana/bean and banana/coffee). Intercrop systems are 
likely to support higher numbers of honeydew-producing Homopteran insects, which are 
required by some ant species to thrive (Way 1963). Some pest management systems that 
conserve ants advocate increasing plant diversity to allow predatory ants better access to 
honey dew-producing Homoptera (Way and Khoo 1992). 
Eggs or larvae deployed as bait showed that Pheidole sp. 1, Pheidole sp. 2 and 
Paratrechina sp. 1 occupied and removed the most baits. Banana weevil bait removal in 
this study was the first important indicator that a given species was likely to prey on 
banana weevils in plants and residues. Based on bait occupancy (Table 3) the species 
predicted by our data to be likely predators of banana weevil were Pheidole sp. 1, 
Pheidole sp. 2, Pheidole sp. 3, Paratrechina sp. 1, and Lepisiota sp. 1. A second possible 
indicator of predatory activity of ants against the banana weevil was their (ants) presence 
as colonies or foragers in banana residues, which are also the major habitat for banana 
weevil immatures (Masanza, 2003). Based on level of colony formation in residues, 
likely predators of banana weevil were Lepisiota sp. 1, Paratrechina sp. 1, Pheidole sp. 2, 
Pheidole sp. 3, Solenopsis cf punctaticeps Mayr, and Strumigenys rukha Bolton (Table 
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34) in corm residues and Pheidole sp. 2, Paratrechina sp. 1, and Lepisiota sp. 1 in 
pseudostems. Odontomachus troglodytes was a key forager in both corms and 
pseudostems. However, the strongest indication that ants prey on banana weevil stages in 
the field came from laboratory data in which Pheidole sp. 2 and O. troglodytes 
demonstrated ability to extract eggs of banana weevil from plant tissue (Figure 11). Ant 
species with the ability to locate and extract banana weevil immature stages from plant 
material have the potential to regulate pest populations and control damage to plants. 
Two species of ants Tetramorium guineense (Nylander) and Pheidole 
megacephala (Fabricius) are currently being used in banana weevil control in Cuba 
(Castenieras 1982). Although both species are believed to be widely distributed (Wilson 
1990), T. guineense was not encountered in our survey and P. megacephala was found in 
corms at only one farm. Valera (1993) recorded P. megacephala as a dominant ant in 
banana farms in Tanzania while some studies in Uganda (Gold et al. Unpublished) also 
reported its presence at some locations. Pheidole megacephala forms large visible 
colonies at the bases of plants, and since most Ugandan banana farmers consider ants to 
be pests (Gold et al. 1993), P. megacephala colonies may have been destroyed over time, 
especially in the major banana growing areas that we surveyed. 
To conclude, members of Pheidole species complex, including Pheidole sp. 1, 
Pheidole sp. 2 Pheidole sp. 3 and Pheidole sp. 5, and Paratrechina sp. 1, Lepisiota sp. 1 
and O. troglodytes may be possible candidates for banana weevil control, based on 
frequency of plant occupancy, colony numbers in plants, and individual foraging capacity 
on baits. Of the species encountered, the ones that build colonies in corms of living and 
recently harvested plants are mostly likely to suppress banana weevils because of their 
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proximity to immature stages in the plant. The potential of Pheidole sp. 2 and O. 
troglodytes to find eggs in corms, their abundance and wide distribution on banana farms, 
and easy of colony manipulation suggests that the two probably have the greatest 
potential for use as predators of the banana weevil. 
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Table 30: Mean Numbers of Each Ant Species Caught per Pitfall Trap in 48 Hours at 
Different Elevations (masl) (pooled over the dry and wet seasons) in Banana Growing 
Areas of Uganda, 2001. 
Species Iganga 
(900) 
Masaka 
(900) 
Mbarara 
(1300) 
Ntungamo 
(1500) 
Dolichoderinae 
Tapinoma sp. 1 0 0 0.11 ±0.04 0 
Tapinoma sp.2 0 0 0.1 ±0.03 0 
Tapinoma sp.3 0 * 0 0 
Technomyrmex sp. 1 (= Isecheno sp. A) 0 0 0.01±0.01 0 
Technomyrmex sp., albipes 0 0 0.01±0.01 0.4 
(F. Smith) group 
Dorylinae 
Dorylus sp. 1 2.0±1.2 5.7±2.1 6.0±1.6 2.2±0.9 
Dorylus sp. 2 0 0.04±0.03 0 0 
Formicinae 
Camponotus chrysurus (Gerstaecker) 0.02±0.01 0.01±0.01 0.01±0.01 0.01±0.01 
Camponotus flavomarginatus (Mayr) 0 0.03±0.01 0.1±0.02 0 
Camponotus sp. (= Isecheno E), 0 0.1 ±0.04 0.01±0.01 0 
maculatus (Fabr.) group 
Camponotus cf. pompeius (Forel) 0.1 ±0.03 0.2±0.03 0.4±0.04 0.3±0.04 
Camponotus rufigenis (Forel) 0.01±0.01 0.1±0.04 0 0.14±0.04 
Lepisiota sp. 1 0 0.59±0.1 0.12±0.04 0.71 ±0.12 
Oc he me my rex sp. 1 0 0.04±0.02 0.02±0.01 1.48±0.2 
Paratrechina sp. 1 (= Isecheno sp. C) 0 0.02±0.01 0 4.48±0.5 
Paratrechina sp. 2 (= Isecheno sp. B) 0 0 0 * 
Pseudolasius sp. 0 0 0.1 ±0.04 0.01 ±0.01 
Myrmicinae 
Cataulacus traegaordi (Santschi) 0 * 0 0 
Crematogaster sp. 1 0 * * 0 
Crematogaster sp. 2 0 * 0.01±0.01 0 
Crematogaster sp. 3 0 * * 0 
Cryptopone sp. 0 0 0.2±0.1 0 
Meranoplus inermis (Emery) 0 0 0.2±0.1 0 
Monomorium sp. 1 (= Isecheno sp. B) 0 0 0 0.04±0.02 
Monomorium sp. 3 0.01±0.01 0 0 0 
Monomorium sp. 4 0 0 0.01±0.01 0 
Monomorium sp. 2 0 0 0.43±0.14 0 
Myrmicaria sp. 0 0.1±0.03 2.6±0.3 0.8±0.2 
Continued next page 
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Table 30, Continued 
Pheidole sp. 1 0 0.8±0.2 1.5±0.2 2.4±0.3 
Pheidole sp. 2 38.4±2.5 4.6±0.5 3.1 ±0.6 9.7±1.3 
Pheidole sp. 3 * 0.1 ±0.03 0.2±0.04 0.1 ±0.04 
Pheidole sp. 4 0 * 0 0 
Pheidole sp. 5 0 0 0.01±0.01 0 
Solenopsis of. punctaticeps (Mayr) 0 0 0.01±0.01 0 
Tetramorium cf. altivagans (Santschi) 0 0 0 * 
Tetramorium brevispinosum (Stitz) 0 001 0.1 ±0.03 * 
Tetramorium delagoense (ForeI) 0 0.1±0.04 0 0.1 ±0.03 
Tetramorum cf. edauardi (Forel) 0 0 * 0 
Tetramorium sericeiventre (Emery) 0 * 0.03±0.01 0.1 ±0.02 
Tetramorium cf. weitzeckeri (Emery) 0 0 0 0.1 ±0.03 
Wasmannia sp. 0 0.34±0.1 0.1±0.04 0 
Ponerinae 
Aenictus sp. 0 0 * 0 
Anochetus katonae (Forel) 0 0 0 * 
Anochetus pellucidus (Mayr) 0.1 ±0.04 0 0 0 
Dalioponera sp. 0 0 0.01±0.01 0 
Hypoponera sp. 2 (= Isecheno sp. B) 0 0 0 0.04±0.02 
Hypoponera sp. 2 0 * 0 0 
Hypoponera sp. 3 0 * 0.04±0.01 0.01±0.01 
Leptogenys sp. 0 0.01±0.01 0.01±0.01 0 
Odontomachus troglodytes (Santschi) 0 0.15±0.02 0 0.47±0.1 
Pachycondyla analis (Latreille) 0.3±0.2 0.01±0.01 0 0 
Pachycondyla cf. ambigua (Andre) * 0 0 0 
Pachycondyla crassa (Emery) 0 0.01±0.01 0 0 
Pachycondyla talpa (Andre) * 0 0 0 
Pachycondyla sharpi (Forel) * 0 0 0 
Mean / trap 41±2.7 13.0±2.1 15.4±1.7 23.7±1.8 
*=Mean number of ants of a given species per trap is <0.01. 
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Table 31. Relative Abundance of all Species and Rare Species (Mean per trap) in Pitfall 
Traps in Different Management Practices 
Management Practice Number of individuals captured 
All species Rare Species1 
Bean Intercrop 29.4±2.1a 1.8±0.2b 
Banana trash 16.4±1.8c 2.3±0.2b 
Coffee intercrop 23.2±2.2b 1.9±0.3b 
Grass mulch 18.9±2.4c 3.0±0.3a 
F values 13.01*** 7.70** 
Species that were each represented by < 5 individuals per trap averaged 
over all trapping occasions 
****** Treatments are significantly different at P < 0.01 or P < 0.001 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Table 33. Percentage of Pseudostem Residues Assessed and Percentage of Total 
Colonies and Foragers in Pseudostems (with ants) that were Positive for a Given Ants 
Species 
Species Pseudostems Colonies Foragers 
(Out of 165 
with Colonies) 
(Out of 205) (Out of 4547) 
Lepisiota sp. 1 (Formicinae) 13(21) 10(21) 2(78) 
Paratrechina sp. 1 (= Isecheno sp. C) 18 (30) 7.3 (15) 8.0 (361) 
(Formicinae) 
Pheidole sp. 1 (Myrmicinae) 4(7) 7(14) 1(44) 
Pheidole sp. 2 (Myrmicinae) 58 (95) 53 (109) 81.1 (3689) 
Pheidole sp. 3 (Myrmicinae) 1 (2) 1(2) 1.4 (63) 
Odontomachus troglodytes (Santschi) 4 (6) 4(8) 2.1 (93) 
(Ponerinae) 
Rare Species3 3 (5) 17.7 (36) 4.5 (205) 
Total 100% 100% 100% 
a Rare Species here refers to a combination of species which individually were found in 
less than < 1% of pseudostems assessed, species whose colonies did not account for at 
least 1 % of all colonies found, or species whose forager numbers (in absence of colonies) 
were less than 1 % of total foragers. 
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Table 34, Percentage of Corms Assessed and Percentage of Total Colonies and Foragers 
in Corms that were Positive for a Given Ants Species 
Species Corms 
(Out of 526) 
Colonies 
(Out of 687) 
Foragers 
(Out of 3190) 
Lepisiota sp. 1 (Formicinae) 8 (40) 6(41) 1.2 (60) 
Paratrechina sp. 1 (= Isecheno sp. C) 
(Formicinae) 
8 (42) 10 (65) a 
Cryptopone sp. (Myrmicinae) 3 (16) 3(18) a 
Pheidole sp. 1 (Myrmicinae) 3 (13) 2(14) a 
Pheidole sp. 2 (Myrmicinae) 42 (220) 39 (265) 91 (2890) 
Pheidole sp. 3 (Myrmicinae) 8 (43) 10 (67) a 
Pheidole sp. 5 (Myrmicinae) 4 (22) 4(29) a 
Solenopsis cf. punctaticeps Mayr 
(Myrmicinae) 
4 (23) 3 (22) a 
Strumigenys rukha Bolton 
(Myrmicinae) 
11 (58) 10 (66) a 
Hypoponera sp. 1 (Ponerinae) 1 (4) 1 (6) a 
Odontomachus troglodytes Santschi 
(Ponerinae) 
1 (3) 0.5 (3) a 
Rare Species1 7 (37) 12.5 (86) 7.8 (249) 
Total 100% 100% 100% 
a Percentage of total foragers is < 1 % 
1 Species which individually were found in less than < 1% of corms assessed, those that 
made up < 1 % of all colonies found or those whose forager numbers (in absence of 
colonies) were < 1 % of total foragers. 
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Table 35: List of Rare Ant Species (ones that were found in < than 1% of assessed 
residues, or made up < 1% of total colonies /forager numbers in residues) Found in 
Pseudostems and Corms of Harvested Plants on Surveyed farms, Uganda, 2001. 
Species list Pseudostems Corms 
Tapinoma sp. 1 (Dolichoderinae) X 
Technomyrmex sp., albipes (F. Smith) group 
(Dolichoderinae) 
X 
Dorylus sp. 1 (Dorylinae) X 
Dorylus sp. 2 (Dorylinae) X X 
Dorylus sp. 3 (Dorylinae) X 
Camponotus chrysurus (Gerstaecker) (Formicinae) X X 
Camponotus rufigenis (Forel) (Formicinae) X 
Lepisiota sp. 2 (Formicinae) X 
Paratrechina sp. 2 (= Isecheno sp. B) (Formicinae) X 
Calyptomyrmex piripilis (Santschi) (Myrmicinae) X 
Cataulacus traegaordi (Santschi) (Myrmicinae) X 
Centromyrmex sellaris (Mayr) (Myrmicinae) X 
Crematogaster sp. 1 (Myrmicinae) X 
Crematogaster sp. 3 (Myrmicinae) X 
X Myrmicaria sp. (Myrmicinae) X 
Monomorium sp. 1 (= Isecheno sp. B) (Myrmicinae) X 
Monomorium sp. 2 (Myrmicinae) X 
Oligomyrmex sp. 1 (Myrmicinae) X 
Pheidole sp. 4 (Myrmicinae) 
X 
X 
Pheidole sp. 5 (Myrmicinae) 
X Pheidole megacephala (Myrmicinae) 
Rhoptromyrmex opacus (Emery) (Myrmicinae) X 
Solenopsis cf. punctaticeps (Mayr) (Myrmicinae) X 
Strumigenys rukha (Bolton) (Myrmicinae) X 
X Tetramorium brevispinosum (Stitz) (Myrmicinae) X 
Tetramorium delagoense (Forel) (Myrmicinae) X 
Tetramorium cf. weitzeckeri (Emery) (Myrmicinae) X 
Wasmannia sp. (Myrmicinae) X 
X Hypoponera sp. 1 (Ponerinae) X 
Hypoponera sp. 1 (= Isecheno sp. A) (Ponerinae) X 
Odontomachus troglodytes (Santschi) (Ponerinae) X 
Pachycondyla cf. ambigua (Andre) (Ponerinae) X 
Pachycondyla crassa (Emery) (Ponerinae) X 
Pachycondyla talpa (Andre (Ponerinae) X 
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Table 36. Effect of Elevation on Mean Colony and Forager Density (in the absence of 
colonies) per Farm for Pseudostem and Corm Residues in the Dry and Rainy Seasons 
(separately or pooled over seasons for corms), in Banana Farming Systems in Uganda, 
2001. 
A) Colonies / Farm 
Elevation (Masl) Pseudostems Corms 
Dry Rainy Dry Rainy 
900 (Iganga) 7.5 ± 1.0a 0.1 ± 0.9b 4.3 ± 2.8b 3.9 ± 1.5b 
900 (Masaka) 3.4 ± 1.0c 4.5 ± 0.8a 12.8 ± 2.1a 4.6 ± 1.2b 
1300 (Mbarara) 0.7 ± 0.9d 0.0 ± 0b 15.4 ± 2.3a 2.2 ± 1.3c 
1500 (Ntungamo) 4.6 ± 0.8b 3.0 ± 0.8a 9.8 ± 1.9a 11.6 ± 1.2a 
F Value 9.14** 10.8** 6.53** 5.19** 
B) Foragers / Farm 
Elevation (Masl) Pseudostems 
Dry Rainy 
Corms 
(Pooled over seasons) 
900 (Iganga) 177 ± 50a 81 ± 15a 133±20a 
900 (Masaka) 63 ± 37b 27 ± 12b 64 ±15b 
1300 (Mbarara) 5 ± 41c 0 ± 0c 6.1 ± 17c 
1500 (Ntungamo) 167 ± 37a 38 ± 14b 6.3 ± 14c 
F Value 5.92** 7.13** 27.89** 
** Treatments are significantly different at P < 0.01 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Table 37. Effect of Management Practices on Mean Colony and Forager Density 
(outside of colonies) per Farm for Pseudostems in the Dry and Rainy Seasons and for 
Corm Residues (pooled over seasons), in Banana Farming Systems in Uganda, 2001 
A) Colonies / Farm 
Pseudostems 
Management Practices Dry Rainy Corms (pooled over seasons) 
Bean Intercrop 4.5 ± 0.9a 3.0 ± 0.9a 9.3 ± 1.6a 
Banana trash 4.1 ± 0.7a 1.5 ± 0.8a 7.9 ± 1.4a 
Coffee 5.5 ± 0.9a 2.8 ± 0.8a 6.4 ± 1.6a 
Grass mulch 2.3 ± 0.9b 0 ± 0.9b 8.7 ± 1.8a 
F Value 3.21* 2.89* 0.34ns 
B) Foragers / Farm 
Pseudostems 
Management Practices Dry Rainy Corms (pooled over seasons) 
Bean Intercrop 155 ±43a 41 ± 13a 52 ± 17a 
Banana trash 63 ± 34a 46 ± 12a 42 ± 14a 
Coffee 147 ±41a 37 ± 13a 60 ± 17a 
Grass mulch 47 ± 47a 20 ± 15a 55 ± 19a 
F Value 0.66ns 0.08ns 0.20ns 
ns = Treatment means are not significant difference in these columns at P < 0.05, 
* Treatments are significantly different at P < 0.05 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Figure 6. Relative capture of ant species by pitfall traps and fish baits in a survey of 
different management systems in Ntungamo district, Uganda, 2001. (Log transformed 
abundance of each species were plotted against species rank with the most abundant 
species receiving the lowest rank). 
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hour trapping period in a survey conducted at different altitudes of banana growing 
regions of Uganda, 2001. 
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Figure 8. Effect of altitude on number of species on farms in a survey of banana growing 
areas of Uganda, 2001 
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Figure 9. Effect of altitude on total capture of rare species (those represented by < 5 
individuals per trap averaged over all trapping occasions) in a survey of banana growing 
areas of Uganda, 2001. 
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Figure 10. Effect of elevation on ant foraging activity (measure as the number of fish 
baits that caught ants) in a survey of 39 farms of the major banana growing areas of 
Uganda, 2001 
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Figure 11. Comparison of average number of eggs found in corms that had been placed 
in test chambers with Pheidole sp. 2 and Odontomachus troglodytes Santschi versus 
controls (no ants) in a laboratory experiment to test the ability of ants to extraction eggs 
from natural oviposition areas in corms, KARI, 2002 
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CHAPTER 6 
THE EFFECT OF SELECTED ANT SPECIES ON BANANA WEEVIL 
IMMATURE DENSITY IN PLANTS, AND DAMAGE TO BANANA PLANTS IN 
UGANDA 
Abstract 
Studies were conducted in both microcosm and field experiments using ant 
exclusion in control plots and ant enhancement in treatment plots to determine if the ant 
species Pheidole sp. 2 and Odontomachus troglodytes Santschi both common in banana 
farming systems in Uganda, had potential to affect banana weevil population dynamics 
and damage to plants. Both species caused significant mortality to banana weevil eggs in 
live plants in microcosm shade house experiments and in the field, and to banana weevil 
larvae in residues. In potted plants allowed to grow for three months, ants reduced 
banana weevil immature stages when starting density of banana weevils were low (2 
females per plant) but failed to cause a reduction in larvae and pupae numbers at higher 
banana weevil densities (3 or 5 females per plant). In potted plants that were allowed to 
grow for 6 months before sampling, Pheidole sp.2 reduced banana weevil larvae by 42% 
compared to controls and in general, plants from plots with ants were more vigorous, 
grew taller, had more leaves, and lower damage than control plants. 
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In a field trial, Pheidole sp. 2 and O. troglodytes reduced egg numbers by 64% 
and 38% respectively in suckers planted as sample units and by 82% and 76% in naturally 
growing suckers. In banana plantations, ants appear to affect banana weevil population 
dynamics and plant damage through predation on banana weevil eggs and larvae in plants 
and, predation on banana weevil larvae in residues. 
Introduction 
The banana weevil, Cosmopolites sordidus (Germar), is the most important insect 
pest of bananas and plantain {Musa sp) (Bujulu et al. 1983, Vilardebo 1984). In Uganda, 
in traditional banana producing areas, the banana weevil caused up to 100% yield loss in 
the mid 1980s (Sengooba 1986, Sebasigari and Stover 1988), and more recently the 
banana weevil has been associated with declining banana yield and a shift from cooking 
to beer bananas or crops such as cassava and potatoes (Gold et al. 1999a). Methods of 
control are limited by lack of resources by small-scale farmers who are the major 
producers in East African highlands (Bujulu et al. 1983, Gold et al. 1993, 1999a) and by 
the occurrence of the pest’s immature stages inside the banana plants or plant residues 
where they are not readily exposed to control agents (Froggatt 1928, Cuille 1950, 
Vilardebo 1960, Koppenhofer 1993a, Abera 1997, Masanza 2003). Biological control as a 
means to suppress the pest would be desirable because it would require little or no 
investment on the part of individual farmers and because natural enemies able to forage 
for the pest inside banana plants would likely have the greatest effect on banana weevil 
density. 
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Recent reviews of Way and Khoo, (1992) and Perfecto and Castineiras (1998) 
have underscored the increasing prominence of ants as biological control agents in 
agroecosystems, while a review by Gold et al. (2001) highlighted their potential for 
banana weevil control. Risch and Carroll (1982) listed a number of attributes that make 
ants effective predators. Of these attributes, the ability to maintain high levels of foraging 
(since satiation does not affect predatory behavior and excess food is stored in the nest), 
and the fact that foraging pattern can be manipulated to maximize contact with the pest 
are most important. Ant manipulation techniques are inexpensive and easily applied by 
farmers. Surveys conducted in East African highland banana farms in Uganda (Chapter 
5) and northern Tanzania (Valera 1993) showed that banana-farming systems have a large 
ant complex; 55 species were found on farms in Uganda and over 40 species were found 
on farms in Bukoba District in Tanzania. Some of these could be important banana 
weevil predators, but their actual potential has not been determined. 
Myrmicinae ants have been used to control the banana weevil in Cuba 
(Castineiras and Ponce, 1991, Perfecto and Castineiras 1998). Colonies of Tetramorium 
guinensee (Nylander) moved into banana fields reduced banana weevil numbers by 74% 
in moderately infested plantations and by 85% in heavily infested plantations (Castineiras 
et al. 1991) whereas P. megacephala deterred oviposition in plants. Overall, ants are said 
to provide 60-70% suppression of the banana weevil problem in Cuba (Perfecto and 
Castineiras, 1998). In Valera’s (1993) work and in our survey (Chapter 5), myrmicinae 
ants - especially the Pheidole species complex - were the dominant group on most farms. 
Pheidole sp. 2 and Odontomachus troglodytes Santschi were found to be closely 
associated with banana plants. Pheidole sp. 2 formed colonies in the soil, in mats of 
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standing plants, and in residues, while O. troglodytes colonies were beneath banana mats 
or beneath residues of prostrate pseudostems. Both ant species were strongly attracted to 
banana weevil stages deployed as baits in the field and were able to remove banana 
weevil eggs from either artificially or naturally infested corm pieces. Working on East 
African highland banana in Bukoba (Tanzania) Valera (1993) observed that banana 
weevil damage in plants was low in areas where certain Pheidole and Odontomachus 
species were present. Despite the increasing evidence of their importance, and the fact 
that ants are probably the most abundant insect group in banana farms, there are no 
known studies that have investigated their role in banana farming systems. 
The purpose of this study was to determine if the commonly encountered species 
Pheidole sp. 2 and O. troglodytes are important predators of banana weevil in banana 
farms and to determine what effect they have on banana weevil population dynamics and 
plant damage. Specifically, I conducted experiments to determine if Pheidole sp. 2 and 
O. troglodytes are able to forage for banana weevil immature stages so as (1) to reduce 
banana weevil reproduction in residues under semi-field and field conditions or (2) to 
reduce weevil damage and improve plant performance in macrocosm experiments in pots 
and open wooden tubs (cages). I also present preliminary results from a field trial run to 
determine if enhancing Pheidole sp. 2 and O. troglodytes densities would enhance banana 
weevil control and lower damage in plants. 
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Methods 
Two research locations, Kawanda Agricultural Research Institute (KARI) and 
UTA Sendusu Station, were used in this study. KARI is situated (0°25’N, 32°32E), 13 
km north Kampala at 1130 masl and has two rainy seasons, (March-May and Sept- 
November) and two dry seasons. Annual rainfall is 1190 mm and daily temperature range 
is 16 to 29°C. Sendusu (0° 32’N, 32E) is located 28 km northeast of Kampala at 1150 
masl with average precipitation of approximately 1200 mm per year and average daily 
temperatures ranging from 17°C- 27°C (McIntyre et al. 2000). 
To address the objectives mentioned above, I conducted a series of experiments. I 
first tested the ability of ants to reduce weevil reproduction in residues where 40% of 
banana weevils in fields breed (Gold et al. 1998a, Gold et al 2001). To do this, I 
introduced residues artificially infested with banana weevil larvae into plots of bananas 
with one of three treatments: enhanced levels of Pheidole sp. 2, enhanced levels of O. 
troglodytes, and a control in which no ants were introduced but natural ant densities were 
present. This experiment was followed by a drum experiment in which I reproduced 
natural field conditions of residue infestation by introducing banana weevil adults to 
drums with residues and then introducing ants to determine if they were capable of 
preventing weevil multiplication in these residues relative to the controls (without ants). 
The most significant plant damage from banana weevils is caused by development 
of banana weevil stages in plant tissues. Therefore, I ran a series of experiment to 
determine the potential of the two ant species above to reduce weevil multiplication in 
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living plants and to prevent damage. The first experiment with banana weevils in live 
plants exposed 2- months- old suckers in pots to 2, 3, or 5 female banana weevils per 
plant and an equal number of males. Either Pheidole sp. 2, O. troglodytes, or no ants 
(controls) were added. In a second experiment bananas planted in open wooden tubs 
were exposed to 3 banana weevil females per plant and plants were allowed to grow for 
six months before they were assessed. The purpose of this longer time period was to 
determine if ants affected banana weevil damage or plant growth parameters. The third 
experiment with live plants was a field trial initiated to determine if enhancing Pheidole 
sp. 2 and O. troglodytes in field plots would lead to reduced banana weevil reproduction 
in plots and lower banana weevil damage to plants. 
Experiment 1: Field Test of Ants’ Ability to Remove Weevil Larvae from Artificially 
Infested Residues 
About 40% of banana weevil adults on infested farms breed in residues (Gold et 
al. 1998a, 2001, Masanza 2003). This experiment was setup to determine the extent to 
which ants forage on banana larvae in crop residues. 
Experimental design 
This work was done at the I3TA experimental station at Sendusu in a banana 
plantation consisting of 24 plots of 50 mats each, separated by grass alleys of 30 x 20 m 
between plots in April to May 2002. Because I had no way of reducing ants where they 
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existed, I created treatments by increasing levels of Pheidole sp. 2 and O. troglodytes in 
plots where they were already present as natural populations. I scored all plots for the 
presence and absence of ants and selected nine plots for this study based on the natural 
presence or absence of Pheidole sp. 2 and O. troglodytes. Three of the nine plots were 
dominated by Pheidole sp. 2 and three other plots by O. troglodytes. These plots were 
assigned as the treatment plots for these ant species. Three other plots in which neither of 
these two species and only low levels of other ants were found were used as controls (no 
ant plots). Within each plot (405 m2), I located eight subplots (each 5x5 m2). The 
remaining area in each plot (205 m2) was used as guard rows against ant movement. 
Existing colony densities of Pheidole sp. 2 and O. troglodytes were counted in each 
subplot and additional colonies were introduced at a rate of 1 or 2 per subplot so that total 
colony density per plot was made up to 16. Therefore, for this study, there were three 
plots of each ant species and three control plots for a total of 9 plots. Subplots within each 
plot were treated as sample unit (total, 24 per treatment) in which 20 banana weevil 
larvae were exposed in four residues per subplot (this was equivalent to 160 banana 
weevil larvae per plot). I assessed the predatory capacity of ants by measuring mortality 
of banana weevil larvae exposed in residues (as trap hosts). 
Introducing banana weevil larvae infested residues (trap hosts) in plots 
Residues destined for introduction in the plots above were infested with banana 
weevil larvae collected from residues taken from farmers’ fields. To infest residues, five 
3-5th instar banana weevil larvae were put in 5 cm deep holes cut into 30 cm long 
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pseudostem pieces (cut from standing residues and held in a shade house for one week to 
simulate field conditions of moderate pseudostem decomposition and to ensure that 
residues had no natural infestations of larvae). After larvae were inserted, holes were 
sealed with previously removed plant material. Pseudostem pieces with larvae in them 
were then held in the laboratory overnight to allow larvae to burrow into the residue and 
then placed in subplots within the trial the next day. Residues were exposed for seven 
days. 
The number of banana weevil larvae consumed by ants was estimated by 
destructively examining all sample residues at the end of a seven-day field exposure 
period, counting and recording all encountered larvae. Mortality from predation was 
estimated as the ratio of larvae in residues from treatment plots compared to that in 
control plots. In the first run, the percentage of larvae removed from the control was 
higher than that removed from plots with O. troglodytes and from plots with Pheidole sp. 
2. I suspected that natural ant densities in control plots had exerted the observed level of 
predation, therefore control plots were replaced with a different set with lower ant activity 
(judging by the number of ant foragers seen in the plot). 
Ant colonies were monitored and replaced as needed during the experiment to 
hold the number of colonies per plot constant. The experiment was repeated three times, 
in the third week of April, and first and third week of May 2002. 
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Experiment 2: Ant Foraging in Drum Microcosms 
The field experiment described above was conducted at the same time as a drum 
experiment (also at the Sendusu Station) in which I reproduced natural field conditions of 
residue infestation by introducing banana weevil adults to residues in drums so that 
natural oviposition and larval development could occur. Ants were then introduced to 
determine if they were capable of preventing weevil multiplication in these residues 
relative to the control. 
Experimental design 
In May 2002, 45 drums (200 liter each) were cut in half and 30 liters of sterilized 
soil was added to each half drum. Ninety half drums were then laid in a grid with 1 m 
between neighboring drums. Thirty half drums were assigned to each ant species and 
another thirty half drums were placed 10 m away from the 60 drums with ants and used as 
controls in which banana weevils but no ants would be introduced. One residue piece (30 
cm long, not split) was placed in a drum and covered with fresh banana leaves (that had 
been heat treated to kill any insect activity) to provide a darkened location suitable for ant 
colony formation. 
Banana weevil adults were introduced in drums at a rate of 3 females (and an 
equal number of males) per drum. Ants were introduced the next day at a rate of one 
colony per drum. No ants were introduced in the controls. Drums were covered with 
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synthetic bag that were fastened at the sides of the drum and tied at the lose end of the 
bag with rubber bands to prevent ants from escaping. The bags were fine enough to allow 
air in the drum but did not allow ants to escape. Drums were opened once a week to 
check for colony status and to moisten the soil. If no ant colonies or foragers were 
encountered, another colony was introduced. Four weeks after set up, the experiment was 
terminated and residues were removed and assessed for the presence of banana weevil 
immature stages. The number of eggs, larvae and pupae encountered were recorded for 
the residue in each drum and mortality from predation was estimated as the ratio of 
banana weevil immature stages in residues from treatment drums compared to that in 
control drums. The experiment was repeated using 5 female (and five male) weevils per 
drum in July 2002. 
Experiment 3: Exclusion Test of Ability of Ants to Reduce Banana Weevil Immatures in 
Plants 
Because ants forage successfully only when their colonies are complete and 
because colonies move frequently, I used enclosed-pot experiments in May 2002 to test 
the ability of the two ant species to reduce weevil numbers in living plants. My 
hypothesis was that if Pheidole sp. 2 and O. troglodytes forage for weevil immature 
stages in plants, they would reduce these stages (eggs, larvae and pupae) relative to 
numbers in control plots from which ants were excluded. 
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Trial setup and establishment 
Three-month old banana suckers (cultivar Atwalira- (AAA.EA) from farmers’ 
fields were cleaned by paring tissue to remove any preexisting banana weevil infestation 
(Gold et al, 1998b). In February 2002, suckers were planted in 135 buckets (20 liter each, 
referred to in this text as pots) two thirds filled with a 1:1 mixture of soil and composted 
cow manure that had been sterilized by heating at 250°C for 4 hours. Pots with suckers in 
them were placed in a shade house (50 x 15 m with a concrete floor to minimize ant 
invasion) that had no history of banana weevil presence. Two holes were drilled in the 
bottom of each pot for drainage. To exclude ants during the plant establishment stage, 
fine black organdy cloth was taped around the rim of each bucket and fastened to sucker 
stems at their mid point. Suckers were allowed to grow for two month before treatments 
were introduced. 
Experimental design 
At the end of two months, suckers in pots were separated into three groups of 45 
and each group placed in the shade house on 20 x 10m plastic sheets. The edges of each 
sheet were folded over and stapled to two wooden poles (5x5x5 cm) placed 8 cm from 
each other. The poles were then moved towards each other to create a depression that 
was filled up to 1 cm with oil to form a continuous oil moat around each plastic sheet. 
The oil ensured that neither ants nor banana weevils could move in or out of the 
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experimental area. Banana weevil adults were added as follow: (1) the first 45 pots were 
inoculated with two males and two females per bucket, (2) the second group of 45 
received three males and three females per pot and (3) the third group received five males 
and five females per pot. Therefore, pots on a single plastic sheet shared a common 
banana weevil density. To introduce ant treatments, each group of 45 pots was further 
separated into 3 groups of 15 pots with 2m spacing between groups. One day after 
banana weevils were introduced O. troglodytes, Pheidole sp. 2 or control (no ants) were 
randomly assigned to the groups of 15 pots. For each group, a single colony of the 
assigned ant species was introduced per pot. Ants and weevils were restricted to the pots 
by retaping the organdy cloth around the pots’ perimeter and to the plants’ pseudostem 
just below the leaves. Mulching and the black organdy used for confinement provided a 
dark environment conducive to colony establishment for ants. Two to three times a week, 
pots were opened for watering and if a colony in any of the pots was found to have died, 
it was replaced by adding a fresh colony from the laboratory. 
Data were collected one month after treatments were imposed through destructive 
sampling of suckers. To collect data, plants were removed from pots, washed free of soil 
and gently pared to expose banana weevil eggs. Suckers were then dissected with a knife, 
and the number of larvae or pupae in them was recorded. This experiment was repeated 
in May 2002. 
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Experiment 4: Testing Ability of Ants to Prevent Damage to Plants in Open Wooden 
Tubs that Simulated Field Condition 
To determine if the two ant species of interest were capable of controlling weevil 
damage and affecting plant performance in the field, I used open wooden cages in a semi 
natural environment to simulate field conditions and allowed suckers to grow for a period 
of six months. A longer growth period than that used in experiment three (above) 
allowed me to measure damage and growth parameters in addition to numbers of banana 
weevil immatures. 
Trial setup and establishment 
Ninety-six wooden tubs (2 x 1 x lm) were arranged in three groups of 32 on 
separate polythene sheets five meters apart. On each sheet, tubs were arranged in a 
rectangle with no distance between them. Each tub was half filled with a manure and soil 
mixture (1:1) that was treated as described above. Three months - old suckers of the 
cultivar Atwalira that had been cleaned of weevil damage (Gold et al 1998b), were 
planted in May 2002 at a rate of two suckers per wooden tub. The spacing between 
individual suckers in a tub was half a meter. Suckers were allowed two months to 
establish during which time they were mulched with banana leaves and ants were kept out 
by a perimeter of oil (constructed in the manner described above) around each set of tubs. 
Treatments were introduced at the end of the second month. 
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Experimental design 
Each of the three sets of wooden tubs was assigned to a different treatment. This 
arrangement allowed me to confine ants to where they were released and prevented them 
from invading the control. After two months of establishment, plants were infested with 
banana weevils by introducing 3 male and 3 female weevils at the base of each plant in all 
tubs (12 weevils per tub). Treatments were randomly assigned to the three sets of tubs 
and consisted of the presence of one of two ant species - O. troglodytes and Pheidole sp. 
2 - and an ant free control. In each tub, ants were introduced at the base of plants at a 
rate of one colony per plant one day after weevils were introduced. To introduce colonies 
of ants, a bottle with an ant colony brought in from the laboratory was placed under the 
mulch at the base of each plant. Bottles were removed after two to three days by which 
time colonies had moved out into the tubs. The control set of tubs received weevils but 
no ants. 
Tubs were checked once each week to determine colony condition. If I could not 
find a colony, I counted the number of visible foragers to determine if this number was 
consistent with a colony’s presence. If no colony was found and few foragers were seen, 
another colony was introduced. Checking for and replacing ant colonies as needed was 
done once every week until the experiment was terminated. 
At the end of the experiment I assessed numbers of banana weevil stages in plants, 
plant damage and plant size. Before dissecting plants to detect banana weevil stages and 
damage, I measured plant height and girth (at the base) and counted the number of live 
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and dead leaves. Plants were then uprooted and assessed for immature banana weevil 
stages and damage. First, the pseudostem and then corm were gently pared to search for 
eggs and to take records of peripheral damage. Then corms were cut into cross sections 
to record cross sectional damage (Gold et al. 1994). Finally, corm pieces were chopped 
and any larvae and pupae of banana weevil encountered were recorded. 
A Field Trial to Assess the Impact of Enhancing Ants on Banana Weevil Immature Stages 
and Damage in Suckers 
Following the above studies that investigate the ability of ants to consume banana 
weevil immatures from residues (field and drum experiment) and in living plants (pot and 
open wooden tub microcosms), I set up a new field trial to determine if enhancing 
Pheidole sp. 2 and O. troglodytes in the field would reduce banana weevil multiplication 
in plants and potentially prevent damage to plants 
Trial establishment and management 
The trial was planted in November and December of 2002 using the cultivar 
Atwalira (AAA.EA), which is relatively susceptible to weevil damage (Kiggundu, 2000). 
Suckers for planting were obtained from farmers’ fields and pared as described for earlier 
experiments to remove any banana weevil eggs or larvae initially present (Gold et al. 
1998b). Suckers were then planted in 0.7m deep holes, which were then half-filled with 
soil and mulched with grass to preserve moisture. The remaining soil was used to 
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gradually fill the hole completely over a period of 6 months. During sucker 
establishment, weeds were suppressed by cutting. Dead leaves on plants were removed 
once a month and except for the holes used for planting, plots were not mulched. 
Experimental design 
The trial was run in a field consisting of 36 plots (405 m2/plot), each containing 
plants at 2.5 x 2.5 m spacing. Plots were separated by 10 x 7m grass alleys. Banana 
weevil adults were introduced to all plots on 26th or 27th May 2003 at a rate of 3 males 
and 3 females per plant. Treatments were imposed in a randomized block design two to 
three days after weevil introduction. Treatments were (1) controls in which plants were 
exposed to banana weevils in the absence of ants, (2) natural density, no ants removed or 
added, (3) enhanced Pheidole sp.2 density, and (4) enhanced O, troglodytes density. In 
the control plots, ants were excluded by applying Amdro ® (common chemical name) 
from American Cyanamid at a rate of 0.1 kg (100 gm per plot), which was equivalent to 2 
kg per hectare. Where ant mounds were identified, one level tablespoon was sprinkled 
directly on the mound. In plots where ants were enhanced, five colonies of each species 
were introduced per plot. To introduce ant colonies, five locations were selected 
randomly in a plot and covered with banana leaves to create a conducive environment for 
ants. Two to three days later, ant colonies were brought from the laboratory in bottles, 
which were then placed in the field under the mulch. Bottles were retrieved after two 
days, when all ants had moved out into the surrounding soil and litter. 
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To prevent ant baits in control plots from attracting and killing foraging ants from 
adjacent plots, the edge between control plots (attracting ants) and treatment plots was 
minimized by placing the Amdro treated control plots at the two ends of the field (with 
six plots on one end and three plots on the other end -arrangement was due to nature of 
plot layout in the field). This kind of grouping has been used where plots of one 
treatment were likely to contaminate plots of other treatments. The other three treatments 
(natural ant densities and the two ant species) were assigned at random to the remaining 
27 plots. 
To monitor ant presence, data were collected on colony and forager abundance in 
plots every two weeks. To check for colony presence, one person walked through plots 
looking at each mat closely and recording all colonies seen. Since some species including 
Pheidole sp. 2 may have colonies hidden from view (underground), I also assessed 
forager numbers by placing 25 fish baits on every other mat in the trial for 30 minutes. I 
recorded the abundance of Pheidole sp. 2, O. troglodytes and any other species that came 
to these baits as a means of accounting for colonies I could not see. 
Because sampling banana plants to assess banana weevil infestation requires 
destructive sampling, I monitored banana weevil infestation levels on transplanted 
suckers for the first 6 months after treatments were imposed. Suckers that had been 
cleaned of banana weevil immature stages and damage were allowed to grow in pots for 
two months after which they were transplanted into plots and left there for one month. 
After this period, suckers were uprooted, assessed on the periphery for eggs, and then 
dissected to detect banana weevil larvae and pupae. I did not record banana weevil 
damage or plant growth parameters from these suckers as they were not representative of 
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field plants and those data could be obtained from field plants once the trial was fully 
established 
Twelve months after the start of the trial natural suckers were available for 
assessment and they were used instead of transplanted suckers. Starting from November 
2003, field suckers were uprooted every two months and assessed for immature stages of 
the banana weevil. In addition, peripheral and cross section damage as described for 
earlier experiments were assessed. 
Statistical Analyses 
Banana weevil egg, larvae and pupae counts from all experiments were log 
transformed while percentage data taken on damage were arcsine square root transformed 
to normalize variance before being subjected to ANOVA procedures. Data from studies 
on removal of banana weevil stages from residues and from live potted plants were 
analyzed by the GLM procedure in SAS using one-way or two- way ANOVA where more 
than one independent variables were being tested. Data from the field trial were 
subjected to Proc mixed procedure in SAS with treatment as a fixed effect and block as a 
random effect. Differences in treatment means were compared using Duncan’s multiple 
range procedure (SAS In. 1997). 
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Results 
Experiment li Field Test of Ants Ability to Remove Weevil Larvae from Artificially 
Infested Residues 
Enhancement of Pheidole sp. 2 or O. troglodytes density increased banana weevil 
larvae mortality relative to control in three out of four runs of the field trial in which the 
ability of ants to consumption banana weevil immatures from residues was tested (Table 
39). Overall ants increased larval mortality over that of the control (F = 5.31, P < 0.01) 
(Table 39). In the first run, the percentage of larvae removed from the control (40% 
[25/68]) was higher than that removed from plots with O. troglodytes (34% [26/77]) and 
from plots with Pheidole sp. 2 (35% [28/80]). Control plots used in the first replicate 
were replaced with a different set observed to have lower ant activity and this resulted in 
more larvae being removed from ant-enhanced plots compared to the control plots during 
runs 2, 3, and 4. Differences in number of larvae removed were significant relative to the 
control in run two (F=3.99, P<0.02) and three (F=2.99, P<0.05). Both Pheidole sp 2 and 
O. troglodytes removed over twice the number of larvae removed from residues in control 
plots for run 2, and over one and a half times as many larvae as those removed from the 
control in run 3. Although more larvae were removed in run 4 in ant enhanced compared 
to control plots, differences were not significant among treatments. 
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Experiment 2: Ant Foraging in Drum Microcosms 
At the low banana weevil density (3 males and 3 females) O. troglodytes reduced 
eggs in residues relative to the control by 26%, (1.3/5), larvae by 35% (1.2/3.4), and 
pupae by 100 % (0/0.9) (Table 40). Pheidole sp. 2 reduced eggs by 44% (2.2/5), larvae 
by 65% (2.2Z3.4), and pupae by 89% (0.8/09). At 10 weevils per drum (5 males and 5 
females), significantly fewer eggs were found per residue in the O. troglodytes and 
Pheidole sp. 2 treatments (F = 4.30, P < 0.02) relative to the control; O. troglodytes 
removed 63% (2.1/43) and Pheidole sp. 2, 65% (2.8/4.3) of the eggs. Odontomachus 
troglodytes removed 13% (2.2/17.1) and Pheidole sp. 2 removed 33% (5.6/17.1) of the 
larvae in residues, but larval numbers in residues from drums with ants were not 
significantly different form those in control drums (Table 40). 
Experiment 3: Exclusion Test of Ability of Ants to Reduce Banana Weevil Immatures in 
Live Plants 
In potted plants, ants (at least one of the species tested) reduced banana weevil 
egg numbers relative to controls at all banana weevil densities; however, for banana 
weevil larvae and pupae, reduction of numbers versus the control occurred only at the low 
weevil density (Table 41). Pheidole sp. 2 reduced banana weevil egg density per plant by 
52%, 61% and 34% in treatments with 2, 3, or 5 banana weevil female starting densities 
but the number removed was significantly different from controls only at the first two 
banana weevil densities. Similar trends were observed for larvae; Pheidole sp. 2 reduced 
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larval density by 53% (4.3/9.1), 33% (1.4/4.2) and 0% at 2, 3 and 5 banana weevil 
females. Pheidole sp. 2 lowered banana weevil pupal numbers by 97% in the 2-banana 
weevil female treatment but had no effect at 3 or 5 banana weevil females per plant. 
Odontomachus troglodytes showed no clear effect on survival of banana weevil 
immatures (Table 41). At 3 banana weevil females per plant, egg density was reduced by 
this ant (F = 4.41, P < 0.02), but this did not occur where pots were inoculated with 2 or 
5 banana weevil females (Table 41). Odontomachus troglodytes reduced numbers of 
larvae and pupae relative to the control in plants inoculated with 2 banana weevil females 
but not in plants with 3 or 5 initial female weevils (Table 41). 
Experiment 4: Testing Ability of ants to Prevent Damage to Plants in Open Wooden Tubs 
that Simulate Field Condition 
Results of this study showed that there were fewer eggs, larvae or pupae in plants 
exposed to ants than in control plants although differences were not significant between 
treatments (Table 42a). In contrast, damage indices (peripheral and cross sectional 
damage) were significantly lower in treated compared to control tubs. Peripheral damage 
was 18% for Pheidole sp.2 and 20 % for O. troglodytes compared to 24% in the control, 
while cross section damage was 33% for Pheidole sp. 2, 39 % for O. troglodytes, 
compared to 57% for control plants (Table 42a). 
Plant performance measured across the three treatments showed that plants in tubs 
with ants were taller, thicker (bigger girth) and had more functional leaves (live leaves) 
than plants in controls (Table 42b). Differences were significant among treatments for all 
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growth parameters except for plant girth (F = 1.22, P > 0.302) (Table 4b). Plants in tubs 
with Pheidole sp. 2 were 27% (13/86) taller, had 13% (4/31) greater girth, had 37% 
(1.5/4.1) more live leaves and 38% (1/2.6) fewer dead leaves than plants in control tubs. 
Except for having significantly fewer dead leaves (27% [0.7/2.6]), plants from tubs with 
O. troglodytes were within 10% of control plants with respect to growth parameters 
(Table 42b) 
A Field Trial to Assess the Impact of Enhancing Ants on Banana Weevil immature Stages 
and Damage in Suckers 
Densities of Pheidole sp. 2 and O. troglodytes 
Natural densities of Pheidole sp. 2 were low across all plots at the start of this 
experiment in May 2003; the number of colonies per plot was less than 0.5 and no 
foragers were seen on plants. In contrast, natural densities of O. troglodytes colonies 
varied from 1.4 to 3.4 per plot and 0.6 to 1.2 foragers per plant. When treatments were 
imposed at the end of May, numbers of both species increased above ant densities in 
control (no ant plots) and in plots with natural densities. Colonies and foragers of 
Pheidole sp. 2 were significantly higher in treated plots compared to control as well as 
plots with natural densities. Odontomachus troglodytes showed minimal difference from 
controls both in numbers of colonies and foragers (Table 43) suggesting high mobility of 
this species among plots. In general, for data pooled over sample months from May 2003 
to July 2004, the number of Pheidole sp. 2 colonies was 17 times higher in Pheidole sp. 2 
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- enhanced plots than in the Amdro - treated control plots and three times higher than in 
plots with natural ant densities. Odontomachus troglodytes colonies were 8 times higher 
in plots where the species had been enhanced than in Amdro-treated plots and 1.4 times 
higher than in plots with natural ant densities (Table 43). 
Foragers plotted over time for both species show that ants took three months to 
establish and significant differences between treatments were observed in March 2004 for 
O. troglodytes and in December 2003 for Pheidole sp. 2. (Figure 12). A sudden surge in 
Pheidole sp. 2 foragers in the Amdro - treated plots (Figure 12b) occurred once Amdro 
application was stopped in November 2003, but ant numbers again declined when Amdro 
was reapplied in February 2004. Number of colonies over the same time period showed 
similar trends to those observed for foragers and differences in colony numbers were 
significant different from controls for both species, {Pheidole sp. 2 [F = 9.93, P < 0.001] 
and O. troglodytes [F = 4.00, P < 0.001]) from March 2004 onwards. 
When I assessed the density of banana weevil immature stages found in 
transplanted suckers, Amdro - treated plants had 64% more eggs than Pheidole sp. 2 - 
treated plots and 38% more eggs than O. troglodytes- treated plots. However, there were 
no significant differences in the number of larvae or pupae found in these suckers (Table 
44). 
Similarly, in field grown suckers, Amdro - treated plots had 82% more eggs per 
sucker compared to Pheidole sp. 2 - treated plots and 76% more eggs than O. troglodytes 
- treated plots (Table 45a and Figure 13). Odontomachus troglodytes plots had 67% 
fewer larvae in plants than in Amdro - treated plots, but suckers from Pheidole sp. 2 - 
treated plots showed no differences from controls in number of larvae (Table 45a). Both 
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peripheral and cross section damage, were not significantly different between treatments 
although plants from O. troglodytes plots showed a tendency to lower damage than those 
in the rest of the treatments (Table 45b). 
Discussion 
This study has contributed to our understanding of the role of ants in banana 
farming systems. Our data support that ants play a significant role in structuring banana 
weevil population dynamics in banana farming systems (Greathead 1986, Valera 1993). 
With the residue-based experiment, both in the field and in drums (Table 39 and 40), I 
demonstrated that ants have the capacity to influence number of eggs, larvae and to some 
extent pupae found in residues. Residues in the field represent a significant resource both 
for ants and the banana weevil. For instance, O. troglodytes forms its colonies under cut 
pseudostem residues while Pheidole sp. 2 may form colonies in both corm and 
pseudostem residue where it has been recorded foraging in fresh larval tunnels. Banana 
weevils use residues for up to 12 weeks for oviposition and immature development 
(Masanza 2003). Therefore, it is not surprising that these species may have developed a 
capacity to forage inside residues. 
With the pot and wooden tub experiments (Tables 41 and 42), I demonstrated that 
(1) ants forage most effectively on banana weevil eggs, (2) ant ability to remove 
immature banana weevil stages is higher at low pest densities, and (3) ants may 
compensate for plant damage caused by banana weevil by increasing plant vigor, perhaps 
through soil enrichment which has been said to be one of the major attributes of ant to 
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agroecosystems (Finnegan 1974). Few studies have been published on the ability of ants 
to prey on concealed prey. My findings from this study, support work by Way and 
Cammell (1992) that ants significantly prey on naturally concealed eggs in plants. 
Banana weevil eggs are laid close to the soil surface where 60% in older plants 
(Koppenhofer 1993a) and close to 100% in younger plants (Abera 1997) may be 
accessible to predators. At low weevil densities, ants reduced banana weevil eggs and 
other immature stages although this trend was not maintained at higher weevil numbers 
suggesting that banana weevil immatures especially larvae, do escaped predation at high 
banana weevil density. 
In the wooden tub experiment, plants with Pheidole sp. 2 were taller, had bigger 
girth, few dead leaves and lower damage than those in control tubs (Table 42b). Such 
differences were not surprising since plants from Pheidole sp. 2 treated tubs had 42% 
fewer larvae than plants from control plots. Fewer larvae in these plants may have 
occurred because Pheidole sp. 2 was able to find and remove larvae from plants or 
through the ability of this species to improve plant vigour though soil improvement. 
Vigorous plants are able to resist larvae development and damage (Rukazambuga 1996). 
The ability of ants to enrich soil and thus plant vigor has long been recognized as one of 
the characteristics that make ants important in agroecosystesm (Finnegan 1974, Gotwald 
1986). 
Data from the field experiment showed delayed ant establishment (Figures 12a 
and b), which could have resulted from the presence of competing species in field plots, 
or the effects of seasonal, and habitat characteristics, including harsh climates and lack of 
appropriate colony formation sites. According to Valera (1993) and Tingle (1993), 
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species from the Pheidole sp. group go though periods of colony inactivity during 
unfavorable periods of the year. Second, ants moved from plots where they were 
introduced into other plots as was later demonstrated by (1) the sudden surge in Pheidole 
sp. 2 in Amdro - treated plots between Amdro applications, and (2) in increase in 
numbers of Pheidole sp. 2 and O. troglodytes in the natural density plots (data not 
shown). 
Assessment of transplanted and naturally growing suckers confirmed our early 
observations in microcosm experiments that the two ant species preyed on banana weevil 
eggs. Results from larval and pupal predation, and damage assessment were however, 
not different between treatments for this plant stage (Table 45). Naturally, this would be 
expected because very few larvae (thus damage) are found in young banana plants (Abera 
1997). Thus the only conclusions we can make regarding the impact of the two ant 
species on the banana weevil in the plant stage assessed would be based on egg predation. 
Overall, predator attack on eggs was the most significant form of predation in this 
study; however, its role with respect to damage prevention in plants is not well defined. 
According to Way and Cammell (1992) egg predation is likely to be of significance at 
relatively low banana weevil attack. This is in agreement with observations in the pot 
experiments at the two-banana weevil female density per pot, where ant activity resulted 
in reduction in all banana weevil immatures stages. Way and Cammell (1992) suggested 
that egg predation maybe of little significance unless it is accompanied by larval 
predation or larval mortality from other factors such as plant resistance. 
In this study I have demonstrated that the two species of ants studied preyed on 
banana weevil eggs in live plants and on banana weevil larvae in residues to an extent 
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that may potentially influence banana weevil numbers over time. Secondly, I have 
demonstrated that ants have the potential to improve plant vigor either by reducing 
numbers of banana weevil immatures in plants or through soil enrichment and improved 
plant vigor. I propose that the impact of ants on banana weevil population dynamic and 
plant damage may be through their combined effect on banana weevil immature stages in 
residues, egg reduction in plants and enhanced resistance to larval development in 
vigorous plants. 
Table 39: Mortality of Larvae in Banana Psuedostem Pieces Exposed in Field Plots with 
Enhanced Densities of Odontomachus troglodytes Santschi or Pheidole sp. 2 
Percent Mortality of Exposed Banana Weevil Larvae 
Treatments Run 1 Run 2 Run 3 Run 4 
Control 39.7 (25/68) 19.7 (27/137) 27.0 (27/100) 21.1 (12/57) 
0. troglodytes 33.7 (26/77) 43.6 (43/113) 42.6 (43/101) 33.0 (34/102) 
Pheidole sp. 2 35.0 (28/80) 45.2 (75/166) 44.7 (76/170) 29.6 (45/152) 
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Table 40. Number of Banana Weevil Immature Stages (mean/residue) in a Drum 
Experiment after Exposure to Pheidole sp. 2 and O. troglodytes at Two Weevil Densities 
Treatment 3$ ?><$ per Drum 5$ 5S per Drum 
Eggs Larvae Pupae Eggs Larvae Pupae 
Control 5.0 ± 0.8a 3.4 ± 0.9a 0.9 ± 0.2a 4.3 ± 0.8a 17.1 ± 3.1a 0.1 ± 0.1a 
O. troglodytes 3.7 ± 0.7a 2.2 ± 0.8a 0.0 ± 0b 1.6 ± 0.7 b 14.9 ± 3.0a 0.1 ± 0.1a 
Pheidole sp. 2 2.8 ± 0.6a 1.2 ± 0.7a 0.1 ±0.1b 1.5 ± 0.6 b 11.5 ± 2.9a 0.1 ±0.1a 
F Value 1.75ns 0.98ns 7.08** 4.30* * 0.68ns 0.01ns 
ns = Treatment means are not significantly different in these columns at P < 0.05, 
* ** Treatments are significantly different at P < 0.05 and at P < 0.01 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Table 42. Number of Banana Weevil Immature Stages, Plant Damage (A) and Growth 
Parameters (B) after 6 Months in Microcosms (open wooden tubs with live plants) 
containing Phiedole sp. 2 or O. troglodytes 
A) Number of Banana Weevil Immature Stages and Plant Damage at the End of Test 
Treatments No. Banana Weevil Immatures %Banana Weevil Damage 
Eggs Larvae Pupae PD XT 
Control 4.0 + 0.8 a 4.8 ± 0.7 a 1.0 ± 0.6 a 24 ± 2.3 a 57 ± 4.6a 
O. troglodytes 3.2 ± 0.7 a 4.5 ± 0.7 a 0.7 ± 0.6 a 18 ± 2.6b 39 ± 4.9b 
Pheidole sp. 2 3.3 ± 0.6 a 2.8 ±0.8 a 0.7 ± 0.6 a 20 ± 2.8ab 33 ± 5.5b 
F value 0.66ns 2.73* 1.10ns 3.27* 6.57** 
B) Growth Parameters 
Growth Parameters at End of Test 
Treatments Height (cm) Girth at 0 (cm) No. Live Leaves No. Dead Leaves 
Control 86 ± 5.3c 31 ± 1.7a 4.1 ± 0.4a 2.6 ± 0.1a 
O. troglodytes 95 ± 5.8b 32 ± 1.8a 4.4 ± 0.3a 1.9 ± 0.2 b 
Pheidole sp. 2 109 ± 6.4a 35 ± 2.0a 5.6 ± 0.4a 1.6 ± 0.2b 
F value 3.91* 1.22ns 2.81ns 6.51** 
ns = Treatment means are not significantly different in these columns at P < 0.05, 
*, ** Treatments are significantly different at P < 0.05 and at P < 0.01 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Table 43: Numbers of Pheidole sp. 2 and O. troglodytes Colonies and Foragers in Plots 
with Different Treatments in a Trial at Sendusu ETA Research Station, Kampala, 
Uganda. 
Treatments No. of Colonies No. of Foragers 
O. troglodytes Pheidole sp. 2 O. troglodytes Pheidole sp. 2 
Amdro-Treated 
(Control) 
0.8 ± 0.6c 0.4 ± 0.6c 2.3 ± 1.5b 14.8 ± 5.7c 
Natural densities 4.8 ± 0.5b 2.2 ± 0.4b 9.8 ± 1.1a 23.8 ± 4.0b 
Pheidole sp. 2 4.0 ± 0.4b 6.6 ± 0.4a 9.6 ± 4.0a 60 ± 4.0a 
O. troglodytes 6.5 ± 0.4a 1.7 ± 0.4b 10.2 ± 1.0a 15.3 ± 3.9b 
F value 33.52** 59.77** 11.73** 25.70** 
** Treatments are significantly different at P < 0.05 and at P < 0.01 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Table 44: Banana Weevil Infestation in Two-Month-Old Transplanted Suckers in Plots 
under Different Levels of Treatment in the Ants Trial at Sendusu, DTA Research Station, 
Kampala, Uganda. 
Treatments Eggs Larvae Pupae 
Amdro 1.8 ± 0.2a 0.6 ± 0.1a 0.01± 0.01a 
Natural densities 0.8 ± 0.2b 0.4 ± 0.1a 0.00 ± 0.00a 
Pheidole sp. 2 0.64 ± 0.1b 0.4 ± 0.1a 0.01 ± 0.00a 
O. troglodytes 1.1 ± 0.1b 0.4 ± 0.2b 0.01 ± 0.01a 
F value 6.47** 1.04ns 0.63ns 
ns = Treatment means are not significant difference in these columns at P < 0.05. 
** Treatments are significantly different at P < 0.05 and at P < 0.01 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Table 45: Average Number of Banana Weevil Immature Stages and Damage in 3-6 
Month Old Suckers from Different Treatments (pooled over four months) in the Ants 
Trial at the Sendusu DTA Research Station 
A) No. of Banana weevil immature stages per assessed plant 
Treatments Eggs Larvae Pupae 
Amdro 3.4 ± 0.1a 0.6 ± 0.1a 0 ± 0a 
Natural densities 0.7 ± 0.2b 0.4 ± 0.2a 0.01 ± 0.01a 
Pheidole sp. 2 0.6 ± 0.1b 0.5 ± 0.1a 0.01 ± 0.01a 
O. troglodytes 0.8 ± 0.1b 0.2 ± 0.2b 0.01 ± 0.01a 
F value 88.58** 6.61** 0.59ns 
B) Damage in suckers 
Treatments Peripheral damage (PD) Cross section damage (XT) 
Amdro 3.4 ± 0.4a 0.4±0.1a 
Natural densities 3.8 ± 0.5a 0.6±0. la 
Pheidole, sp. 2 3.4 ± 0.4a 0.6±0. la 
O. troglodytes 2.8 ± 0.5a 0.3±0.1a 
F value 2.39ns 2.28ns 
ns = Treatment means are not significant difference in these columns at P < 0.05, 
** Treatments are significantly different at P < 0.05 and at P < 0.01 
Means in the same column followed by the same letters are not significantly 
different by Duncan’s multiple range tests. 
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Figure 12: Monthly monitoring of ant foragers in plots where O. troglodytes (A) and 
Pheidole sp. 2 (B) were applied versus plots where Amdro was applied 
Time since start of treatment (months) 
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